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INSECTIVOROUS PLANTS 


CIlAlTKli I. 


J)i;OSKIlA TlUTrNTHK()LlA, OU TIIK f'OMMON Sl'X-DKW. 

NiiiiiImt of insrCj/s iMpturnl- - Descri])tion of tlie Jwives and tlirir 
ap|)ciula.!j;t‘ri or te ntacles — Preliminary skedcli of tlu* action of the 
various parts, ami of tin; manner in wliieh insects are; captured — 
Duration of tin? iidle'ction of the tentacles — Nature of the seen ■- 
tion — Manner in anIhcJi insects are carried to the centre of the 
leaf -lOvieh'iice that the glands have the po\Yer of ahsorption - 
Small size (jf the roots. 

DuuiNCi tho sumiucv of I8(K), 1. was siu*[trisi.‘(l by linil- 
iiig bow lai'fio a iiuiuIht of insi'cjts wi'ro oiniglit by tlio 
loaves of tlu; ooiniiion wiihIow [Drosura rot niuU folia) on 
a bcatli in Sussex. I bad lieard tliat ins('‘et8 \v('re tbns 
eaiijrlit, blit knew jiothin«; fnrtber on tlio subject.* J 


As Dr. \itsehk(» lias given 
Ihit. /eitiing,’ 18h0, p. 2210 tin? 
hihliogrji|iJiy of Drosera, 1 necnl 
not her(‘ go into detailsf 3Iost of 
the notices jmhlished la^fore 1800 
are hrh'f and unimportant. The 
oldest papcM' seems to luivt* Inxm 
one of the most valuable, namely, 
by Dr. lioth, u\ I7S2. Tlnw is 
also an interesting tliongh Vhnrt 
account of tlie habits of Drosera by 
Dr. 3lild(‘, in the ‘ Dot. /eitiing,' 
1802, ]). olO. In 1 sfio, in the ‘ Ati- 
nules des Sc. nat. hot.’ tom. iii. pp. 
2n7 and ISOl, MM. (Ine.nhind and 
'Ircculesmli publislied i)apers, with 
ligurt's, on the striietiire of the 


leaves; Init M. Trecul went so 
far us to doubt whether they j»os- 
sessed any power of nioveim‘nt. 
Dr. Nitschke’s papers in the ‘ Dot. 
Zeitung’ for iSdO and iSdl are 
by far the most imporfant ones 
which havi* been published, both 
on the habits and structure of 
• this plant; and T shall frerpicntly 
have wcasion to quote from 
them. Ills discussions on several 
]H)ints, for instance on tin* trans- 
mission of an (‘.xeitemeiit from one 
part of the h‘af to another, are 
excelh nt. On Dec. 11, 18(12, Mr. 
J. Scott read a paix'r bt‘t\>re tho 
Jlotanicul Society of Kdinhiirgli, 

.. K 



DUOSEUA UOTUNDIFOLIA. 


CliAl*. 1. 


pitUciTd 1>Y cliiiufo a tluzou plants, bearing tii’ty-six 
fully expaiulrtl bravos, and on tliirty-ono of tln*se (load 
ins(‘(ds or nuunants of them adlion'd j and, no doubt, 
many'iiuuv would luivt! oaiiglit afterwards by tln^se 

saiiK^ l(*av(\s, and still more by tliose as y(*t not ex- 
pand(Ml. On one phuit all six leavers had caught thtu‘r 
prey; and on several plants V(Ty many loaves had 
<*aught more than a single insect. On one largii leaf 
I found the remains of thirtium distinct insects. 
Flies (Dijitora) arc^ captured much ofteiuT than other 
insects. The largest hind whhdi T have s('en ('aught 
was a small butt('rtly (Citnoaympha pampiliilm) ; but 
the Ii('v. H. jM. AVilhinson informs that lie found a 
large living dragon-fly with its body firmly ludd by 
two leaves. As this plant is cxtnmudy common in 
some districts, the numb(T of ins(‘('ts thus annually 
slaughtered must b(^ prodigious, Many plants eaus(' 
tlie (hath of insects, for instane(^ the sthdey buds of 
the horje-clu'stnut (Aincuhis liippocastanum\ without 
tlicn*by receiving, as far as we can perecuw, any ad- 
Viintag(.‘.; but it was soon evWent that ])rosera was 


which WHS pnlill.'ijn'd in the Our- 
ilnier’s Cliroiiiele,’ 18(i:!, p. aO. 
Mr.Sciilt U\ut irritu- 

liiiii of the hairs, us well us insects 
]ilaced o!i the «li>c of tin? li-af, 
cuiise lln! liiiirs to heiul iii- 
wunls. Mr. A. ^V^ IleniHdt also 
^ave uimtlier interesting uccoimt 
c»f the !ii(»veiiieiit.s of the leaves 
hefore llu’ Jh itisli Association for 
1S7:{. In this same year J)r. 
W'arininf? piildished an essay, in 
which lie <leseril»es tlie stnietiiru 
of tJio .so-called hairs, entithil, 
**Siir hi Diftcrence eiitre les I’ri- 
choiiies,’’ &c.f extracted from tlio 
proceed inf(s of tlio Soc. d’llist. 
Nut. de Copenhaf'iic. I shall also 
have occasion hereafter to refer 


to a pajier hy Mrs. Treat, ef New 
ilei’M*}-, on seine Aiiierieaii st»ecii.‘s 
of DreM-ni. Dr. Ihinlen Sander- 
son dc'livered a lecture on DLoiaea, 
Is fore the Koval Institution ' puh- 
lished ill ‘JN"at lire,* June 14, 1S71 ), 
in which a short acitonut of my 
observations on tlie jxiwer ef true 
iliffestioii j)iissesse*d l»y DrosiTa 
and I)ioiiu>u lirst a])peared. I’rof. 
Asa dray has dene "oed service 
by callin*,^ atteufioii to Drosera, 
and toother jilants havin" similar 
hahits, in ‘ 'J’he Nation * (1S74, pj). 
2b* I and 2*12), and in other puiilica- 
tieiis. Dr. Dooher, also, in liih 
important adiln-ss on C’aniivoroiis 
J’lunts(llrit. Assoc., lloliast, 1874), 
has given a history of the subject. 
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* STRUCTURE OF, THE LEAVES. 

a(lai)t(Ml for the 8j)ccial' pnij)ose W catch- 
ing insects, so that the siilyoct seemed well worthy of 
inv(‘stigation. ^ 

Tin; results have proved' highly remarkable ; tin* 
more important ones being — firstly, the i^xtraordinary 



n.;. l.» 

( /ii'ofrrtx rutnndi/tiliif,') 

Ij-af vieveil I'rom aljove; oiilurgi'il font time.-. 


s(*nsitivoness of the glands to slight pressure and to 
ininnt(> doses of (pertain nitfogtmous fluids, as slnnvii 
by the inoveimMits of tJie so-called hairs or tentacle.s ; 


* Tilt* (Imwin^s nf I )n)S(>ra and 
Dioiiiua, given in this work, wore 
iiKulc lor me by inv won (icorgc 
Darwin : tlinso of ALVovanda, and 
of the several species of Utri- 


oularia, by my son Francis. They 
liavc boon excellenlly rcjircMliioftl 
on wood by Mr. Ctxipor, 18S 
{Strand. 

• B 2 
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OiiAr. J. 


sofoiidlyl tho ])owt‘r ])ossossL‘d by tlio J(\ivt‘s of ivn(l(‘r- 
ing soluble or digosting uitrogoiious substances, and 
of afterwards absorbing tlioin; tliirdl.v, the eliang<‘s 
whhdi'tako place witliin tht> ctdls of tln^ tentacles, when 
tlie glands are excited in various ways. 

It is nee('ssary, in the first place, to deserilx' briolly 
the plant. Tt bears from two or tlircMj to five or six 
leaves, gonorally cxtoiuhnl more or less horizontally, 
but sometimes stiinding vorti(?ally upwards. Tho shaiu* 
and general apjiearaiute of a leaf is ’shown, as stv‘n 
from above, in lig. I, and as seem lat(‘rally, in fig. 2. 
The loaves are commonly a little bn>ader than long. 



but this was not the case in tho one lnu*o figured. 
Tho whole upper surface is covcmsl with gland-b(‘aring 
filaments, or hmtacles, jis I sliall call them, from tlu'ir 
manner of acting. The glands were (rounbid on thirty- 
()ne hiaves, but many of th(\se wm’o of unusually large 
size, and the average numbm* was 192; the gn^atest 
number being 290, and the least JdO. The', glands are 
each surroiindiMl by large drops of extronndy viscid 
s(;cretion, whi(!h, glittering in the sun, have given rise 
to tlio plant’s poetical name of the sun-dew. 

The tontados on tho central part of tho leaf or disc are 
sliort and stand ui)rig]it, and their pedicels aro f?rcon. Towards 
tlio margin \]\o.y bocomo longer and longer and moro inclined 
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outwards, with their pedicels of a purple* colour. Tfiose on the 
extreme margin i)rojcct in the same plane with the leaf, or more 
comirionly (see lig. 2) are considerably reilcxed. A few tentacles 
spring from the ^wse of the footstalk or petiole, and tiicsc are 
the longest of all, bcjiiig sometimes nearly i of an inchin length. 
On a leaf bearing altogether 252 tentacles, the short ones on 
the disc, having green pedicels, Avere in humber to the longer 
submarginal and marginal tcntaclbs, having purple pedicels, as 
nine to sixteen. 

xV tt*ntacle consists of a tliin, straight, hair-like pedicel, carry- 
ing a gland on the summit. The pf‘dicel is somewhat flattened, 
and is formed of several rows of elongated cells, filled with purple 
fluid or granular matter.* There is, however, a narrow zone 
close beneath the glands of the longer tcnta(;les, and a broader 
zone near their bases, of a. green tint. S])iral vessels, accom- 
j)anied by siral>l(^ vascular tissue, branch olT from the va.scular 
l)undlos in the blade of the leaf, and run up all tlie tentacles 
into the glands. 

8oveml eminent physiologists have discussed the homological 
nature of those appendages or tentacles, that is, whether they 
ought io be considered as hairs (trichomes) or prolongations of 
the leaf Nitscliko has shown that they include all the elements 
pro]Xjr to the blade of a hjjif ; and the fact of their including 
vascular tissue was formerly thought to prove that •they were 
prolongations of the leaf, but it is now known that vessels some- 
times enter true hairs.t TTho power of moveinout wjiich they 
j)osscss is a strong argument against their being Viewed as hairs. 
The conclusion which seems to me tlio most probable will be 
given in Chap. XV., namely that they existed priniordially as 
glandular hairs, or mere epidermic formations, and that their 
ui)i)cr ])art should still Ix) so considered; but that tlieir lower 


* According to \its<?likc (‘ Bot. 
/citung,* ItSGl, p. 221) tho pnrplo 
Ihiid results from tho inctamor- 
}iiiosisof cldoropliyll. Mr. Sorhy 
examined tins colouring iiiath'r 
with tlio s]M‘ctfroscopo, aii<l in- 
forms nu* tliat it consists of tlio 
couimoncst species of cTytliro- 
phyll, “ w'liieli is often met with hi' 
h 'Jives witli low vitality, Jiiid in 
parts, like the petioles, which 
carry tm leuf-fiinotions in a very 
imperfect manner. All that can 
Im* said, tlierefore, is tliut tlie hairs 


(or tc<ntucles)L nro e^jloured like 
IKirts of a leaf which do not fnliil 
tlieir proj>er office.” 

t Dr. Nitsclike 1ms discussed 
tJiis subject in ‘Bot. Zeituug,’ 
18G1, p. 241, &v. See jilso Dr. 
Wanning (‘ Siir la Difference outre 
les Trichomes,* iSre., lS73'i, who 
gives n'ferences to vjirions pnhli- 
oations. See also (irucnliuul ami 
Tri'cul, ‘ Aniial. des Sc. nat. hot.* 
(Ith series), tom. iii. 1855, pp. 
2U7 and 303. 



<» DROSKRA UOTUNDIPOLIA. Chap. 1. 

psirt^ Avhich uloiio is ca]mb1c of movement, consists of a prolon- 
pition of the leaf ; the spiral vessels lx)ing extcnd(3(l from this 
to the uppermost part. Wo shall hereafter sec that the ter- 
minal ^ntaclcs of the divided leaves of lioiidula sire still in 
an intermediate condition. 

The glands, with the exception of those borne by the extreme 



(nmem rotundi/ulia.) 

I.i}iigir.u<litial snction of a gland ; greatly magnified. From Hr. Warming. 

marginal tentacles, are oval, and of nearly uniform size, viz. 
al)out of an inch in length. Their structure is remarkable, 
and their functions complex, for they secrete, absorb, and are 
acted on by various stimulants. They consist of an outer layer 
of small polygonal cells, containing purple granular matter or 
fluid, and \Yi^.h the walls thicker than those of the pedicels. 
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Within tliis layer of cells there is an inner one of differently 
shaped ones, likewise filled with purple fluid, but of a slightly 
different tint, and dilfei-eiitly affected by chloride of gold. Thcsci 
two layers are sofhetimes well seen when a gland has been 
crushed or boiled in caustic potash. According to Dr. Wanning, 
there is still another layer of much more elongated cells, as 
shown in the accompanying section (fig. *3) coined from his 
work; but these colls were not sebn by Nitschke, nor by mi*. 
In the centre there is a group of elongated, cylindrical cells of 
une(iual lengths, bluntly pointed at their upper ends, truncated 
or rounded at their lower ends, closely pressed together, and 
remarkable from being surrounded by a spiral line, which can be 
se])arated as a distinct fibre. 

Thes(i latter cells arc filled with limpid fluid, which after long 
immersion in alcohol deiMisits much brown matter. I presume 
that they are acimally connected with the s]nral vessels which run 
u]i the tentacles, for on several occasions tlie latter were seen to 
ilivide into two or three excessively thin branches, which could 
1)0 trac(.‘d close up to the spiriferoiis cells. Their development 
has boon described by Dr. Warming. Colls of the same kind 
have been observed in other plants, as I hear from Dr. Hooker, 
and wcr<^ scon by me in the margins of the leaves of Pinguicula. 
Wliatever their function may bo, they are not necessary for thi^ 
secretion of the digestive fluid, or for absorption, or for the 
(Communication of a motor iinpulso to other parts of the leaf, 
as we may infer from the structure of the glands in some other 
g(uiera of the Droscracero. 

The extreme marginal tentacles differ slightly from the others. 
Their bases are broach’r, and l)csidcs their own vessels, they 
receive a fine branch from those which enter the tentacles 
on each side. Their glands are much elongated, and lie em- 
bedded on the upper surface of the pedicel, instead of standing 
at the a]icx. In other respects they do not differ essentially 
from the oval ones, and in one specimen I found every possibk; 
transition between the two states. In anothcir si^ecimen there 
were no long-headed glands. These marginal tentacles lose 
their irrftabilit;^ earlier than tht others ; and when a stimulus 
is applied to the centre of the leaf, tlujy are excited into action 
after the others. Wlicn cut-off leaves are immersed in water, 
they alone often Income inflected. 

The purple fluid or granular matter which fills the cells of 
the glands differs to a certain extent from that within the 
cells of the pedicels. For when a leaf is placed in hot water or in 
certain acids, the glands become quite white and o]|pque, whereas 



S DKOSKRA RpTUNDlFOLlA. CiiAi'. 1. 

llio culls oV the pedicels arc rendered of a bright red, with the 
exception of those close lx3iieath the glands. These lattcii* cells 
lose tlieir pale red tint ; and the green matter which they, as 
W'ell a%the basal cells, contain, becomes of^a brigliter green. 
The petioles bear many iimltieellular hairs, some of which 
near the blade are surmounted, according to Nitsehke, by a 
few rounded cells, \vhieh apjxjar to Ik) rndimentary glands. 
Roth surfaces of tlie leaf, the pedicels of the tentacles, espe- 
cially the lower sides of the outer ones, and the petioles, are 
studded Avilh minute ])apillm (liairs or trichomes), having a 
conical basis, and hearing on tlieir summits two, and occasion- 
ally three or even four, rounded cells, containing much proto- 
plasm. These papilhii are generally colourless, but sometimes 
iiichido a littkj jmrplo fluid. They vary in doveloimiont, and 
graduate, as Nitschkcj* states, and as I riipc'atcdly observed, 
into the long iniilticcllnlar liairs. The latter, •as well as the 
papilljc, are probably rudiments of formerly existing tentacles. 

1 may here add, in order not to recur to the ])apiilie, that they 
do not secrete, but are easily ijcrnieated by various fluids : thus 
when living or dead loaves are immersed in a solution of one 
part of chloride of gold, or of nitrate of silver, to 4J37 of water, 
they arc quickly blackened, and tbc discoloration soon spreads 
to the snrroimdiiig tissue. The long multicollnlar hairs are 
not so quickly affected. After a leaf had been left in a weak 
infusion of raw meat for 10 hours, the cells of the papillse had 
evidently , absorbed animal matter, fCr instead of liiiijud fluid 
they now contanicd small aggregated masses of protoplasm, 
which slowly and incessantly cliaiiged their forms. A similar 
result followed from an immcmoii of only 15 minutes in a 
solution of one part of carbonate of ammonia to 21Sof water, 
and the adjoining colls of the tentacles, on which the pajiillie 
were seated, now likewise contained aggregated masses of proto- 
plasm. We may therefore conclude that wjicn a leaf has closely 
clasped a captured insect in the inauner immediately to be 
descrilicd, the pa])ill»c, which project from the upper surface,* 
of tho leaf and of the tentacles, probably absorb some of the 
auiiiial matter dissolved in tho secretion ; but piis cannot be 
tho case with the papillie on tho backs of the leaves or on the 
petioles. 

* Nitsehke has elaborately described and figured these pai)ilhf, 
/eitiing,* 1801, pp. 234, 2a3, 204. 
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PreUminanj Slceich of tlve Action of tlie several Parts, and 
of the Manner in irltich Insects are Captured, 

[f a small orpjaiiH^ or inorf^aiiu; ol)jo(;t bo pla^*(*(l on 
tlio j^laiids ill tlio c(‘iitro ol* a l(»af, tln.*sc* truiisinit a 
motor iinpuls(i to the marginal tentaeles. I'lio iic‘arer 
oiK.'S are first afVeeted and slowly bend towards the 
ocaitre, and thcai tliose fartlier oil* until at last all 
b(‘(*onio (closely infl(‘et(‘d over tlio object. Tin's takes 
place ill Trom one hour to four or five or more hours, 
'riu* (liffenMice in the time retpiired depends on many 
einannstanees ; nanu'ly on tlie si/e of the obj('et and 
on its nature,^ that is, whether it contains solubh^ 
matter ot‘ tlu' proper kind ; on the vip;our and ajre of 
the leaf ; whothcT it has lately been in action ; and, 
aecordinj^ to Nitschkt*,* on the tcmiperjiturc? of lhc‘ 
day, as likewise seemed to me to be the case. A living 
insect is a more eflicient object than a dead one, as 
in struggling it presses against the glamls of many 
tentacles. An insect, such as a lly, with thin integu- 
ments, through which animal matter in solution can 
n*adily pass into the surrounding dtmse' secretion, is 
more ellicimit in causing prolonged intlection than an 
insect with a thieJv coat, such as a beetle. The inilee- 
tion of tin* tentaerh's takes place indifl*erently in tlu* 
light and <larkness; and the plant is not subject t(» 
any mx^turnal inovfMiient of so-called sl(‘ep. 

If the glands on the disc arc repeatc*dly touched or 
brush(»d, although no object is left on th(un, the 
marginal tentacles ciirv(‘ iiwvards. So again, if drops 
of various fluids, for instance of saliva or of a solu- 
tion of any salt of ammonia, are placed on the central 
glands, the same result quickly follows, sometimes in 
under Jialf an hour. 


* ‘liot. Zeitnng,* p. 210. 
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The toiitiielos iu tlio ac;t of iufltuitioii sweep thnni^li 
a wide spacu); thus a iiiarji^inal tentacle, oxteiidtHl in 
the same plauii Avith tin* blade, move ?s tl^roii^li an anjrle 
of 18(J®; and [ have seen the much njilected tentacles 
of a leaf which stood U2)ri^ht move thr()U<i:h an an^h'. 
of not less than The bending ])art is almost 

confined to a short spa<;e near tluj base ; but a ratluT 
larger i)ortion of the elongated exterior b'litacles 



{Drosera rotnmlffaiia.) 


{Orosera rnlunilijulm.) 


Leaf (onlsirped) with all tlie lentacles Leaf (enlargwl) with tlie t.»*iiliic-les «n om* 
chxtely irili* from iiiiiiicrsioii in a side inllL^ted over a bit ul meat phu-ed 
solution t)f piiosplinle of uimuuida (one on the dits’. 
part to 87,500 of water). 

becomes slightly incurved^ the distal half in all eases 
remaining straight. The short tentacles' in the centre 
of the disc Avhen directly excit(jd, do imt betjorno in- 
flected ; but they are capable of inflection if excited 
by a motor impnJstJ re.ceived from other glands at a 
distance. Thus, if a leaf is immcjrsod in an infusion 
of raw mQ*it, or in a weak solution of ammonia (if the 
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sohition is at all stroii", tho loaf is paralysed), all the 
exterior t(i!itaclt\s bond inwards (see fi;;. 4), excepting 
tlios(i near tlu) (itjiitro, which nnnain upright ; biit^these 
bend towards any exciting object ])laoed on one side 
of the disc, as shown in lig. 5. The glands in fig. 4 
may be scjen fo forma dark ring round the centre ; and 
•this follows from the exterior tentacles increasing in 
length in due proportion, as they stand nearer to the 
cinMiinfcrcm^e. 

I^be kind of iiillcetion winch the tentacles undergo 
is best shown when the gland of one of tho long exterior 





I'lii. 6. 

( Drosera rotntulffulia.) 

J>iflgrani showing ono of tlm exterior tentacles closely Inflected ; the two adjoining 
ones ill their ordinary xiositiou. 


tentacles is in any way excited ; for tlu^ snrronnding 
om^s rt'inain unaffeetod. In the aticompanying outline 
(fig. fl) w(', S(je one tcntach?, on which a partiede of 
meat had been placctl, thus bent towards the centre of 
the leaf, with two others rt^tiiiumg their original 
j)osition. A gland may bo excited by being simply 
toncluHl three or four times, or by jirolonged contact 
with orgfiiiLc or inorganic olyocts, and various fluids. I 
have distinctly seen, tbrongli a lens, a tentacle begin- 
ning to bend in ten seconds, aft(;r an object^ had been 
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plnc'od on its jrlaud ; and 1 have often seem stronj::ly 
prone ainee'd iiilloedieai in nnelen* one’s minute. It is siir- 
prisin^ir lie)w minute' a partiede' of any.substane’e, siieli 
as a bit e)f tlire'ael e)r liair or s[)linte‘r of <rlass, if plae*e‘el 
in actual ce)iitact with the' surfaem e)f a j^hmel, sullict's 
to e*auso tlm tenitaede^ te) benel. If the^ ed)je'eit, wliie*h luis 
beem carrit'd by tliis movement te) the; e'emtre', l^e ne)t- 
very small, or if it e*emtaius seduble^ nitrogenous matte*r, 
it ae*ts e)U the e'caitral ^lanels; anel the‘se‘ transmit a 
nie)te)r impulse' te) tlie e‘xterie)r temtaede's, e*ausiii^ tlu'in 
te) beiul iiiwarels. 

Not endy the tentaede'S, but tlie blaele; e)f the; h'af 
e)fte‘ii, but by ne) jnemns always, b(^e*e)me‘s mue*h in- 
enirveel, Mlieai any strongly e'xedtin^ siibstaneM* or lliiiel 
is place'd e)ii the elisc. I)re»ps e»f milk anel e>f a solution 
e)f nitrate' of ammeniia e)r se)ela are' partiemlarly apt te) 
pre)elue*e this eftee't. The blaele is thus eemverted iiite) 
a little cup. The', manner in whie'h it bi'iiels varie's 
j^reatly. Some'times the; ape.‘X ale)ne, se)medimes one* 
siele*, anel sometime'S- be)th siele's, be.*e5e)mo incurved. Fe)r 
iustane*e, \ plae*e;el bits of harel-be)ile;el (*<rg em thre'e* 
loave*s; e)uc had the ape.'X bent te)warels the base;; the* 
se.‘e;()iiel hael be)th distal marjijins mue*h ine;urve‘el, so 
that it bex'ame alme)st trian»^ular in e)iitliiu', anel this 
})e;rliaps is the comme)ne*st e*ase; ; whilst the tliirel blaele 
was ne>t at all atleede'el, the)up:h the* tentaede's we;re as 
cde)se;ly inflecte;;el as in the two ])revie)us erasers. The; 
whe)le‘. blaele also fije'iie'rally risers or be*nels upwarels, anel 
thus fe)rms a smalh;r anji^h; with the fe)otstalk than it 
diel before. This appears at first si^it a distined 
kinel of movement, but it re»sults fre)iri the; ine'nrvation 
e)f that part of theo mar^i^in which is attaediod to the; 
fe^otstalk, causing the; blade, as a whole', te) euirvo e)r 
move ii])warels. 

The leygth of time during which the tentacles as 
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W(‘ll as tho l)la(lo rdnaiii ovfir an object placed 

on tin* disc, dcipeuds on various circ.uinstauccs ; namely 
on tlio vigour iwid ago of the ](*af, and, acconlyig t(» 
Dr. Xitschk(», on the tc^mperature, for during cold 
\v(‘ath(‘r wlien tho leaves are inactive, they ri^-expand 
at an earlicT pc'riod than when tho weather is warm. 
•I hit tho nature oF tlui object is by far the most 
im])ortant circumstances ; I have rejx'atedly found that 
tlio tentacles rianain clasp(»<lfor a much longer average 
time over objects which yield solubl(3 nitrogenous 
niatt<*r than ov<*r those*, wlndher organuj or inorganic, 
whicli yield no such matter. Art(*r a ])eriod varying 
fnun one to ??ov(ui days, tho tcmtaclcs and blade n*- 
<‘.\])and, and ar^ tlnui ready to a(*t again. 1 have se(‘n 
th(* same h*af inHected three* siiccjcssivo tim(‘s over 
inse<*ts p1ac5(‘d on the dise*; and it would probablv 
liav(3 aedod a greatcT iiumb(3r of times. 

Th(3 seendioii from tho glands is extreiiKtly viscid, 
so that it (*an bes drawn out iiib) long threads. Tt 
appears colourless, but stains little balls of ])apor pale 
pink. An ol)j<»ct of any kind plaetal on a gland always 
caus(3s it, as 1 believe, to secrete mor(3 fr(*ely ; but 
tli(3 mere pn*scnce of the object renders this difficult 
t<i ascertain. In some cases, however, tho effect was 
strongly marked, as when particles of sugar wcr (3 
add(*d; but the rc'sult in this case is probably due 
m(3rc‘ly to cxosinosi*. Particles of carbonate and jihos- 
pliat(3 of ammonia and of some other salts, for instance 
sulphate of zinc, ]ik(?wiso increase tho secretion. Im- 
mersion in a si[»lution of one’ ])art of (chloride of gold, 
or of some other salts, to do? of water, cx(u't(*s th(j 
glands to largely increased secretion; on tho otli(*r 
hand, tartrate of antimony produces no sucdi effect. 
Immersion in many acids (of tho strength of one 2 )art 
to 4.*37 of water) likewise (miuscs a wonderful ipiiount of 
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socretion, so thatVlif'ii tlio I(}avos art? lifttMl out, loiijr 
ropt's ol* (‘xtn'iiiely viscid fluid luin^ from them. Some 
acidsp, t)u tlu» otluT baud, ilo not act#iu tliis manner. 
Increased secrt'tioii is not m'ct'ssarily dt'pt^ndtMit on 
tin? inflection of the teiitach*, for particles of sugar and 
iif sulp]iat(‘ of zinc cause iit» movtuneiit. 

It is a much more remarlvahlo fact tliat when air 
ohj(M*.t, sucli as a hit of nu‘at or an insect, is jdact'tl on 
the tlisc of a h^af, as st)on as the suiTounding ttmtaclos 
bt'coim? coiisidtTahly inflecti^d, tludr glands ])onr forth 
an inert'ased amount (»f s(‘crt‘tiou. 1 ascertaiu(‘<l this 
by selet^ting leaves with etpial-sizt'd dro})S on flu' two 
sides, and by placing bits of meat on bnc sitle of the* 
disc ; and as soon as the tentacles on tliis side bt*came 
mucli inflected, but btdbro tin* glautls toucli(‘d the meat, 
the dro 2 )S of secretion became larger. This was re- 
peatedly obs(u*v(M], but a record was ke])t of only 
thirt(?en eas(‘s, in nine? of which in(u*eas(‘d secretion was 
plainly observed ; the four failun^s bcung dm? either to 
the leav(*s being rath(?r torpicl, or to tho bits of meat 
being too small to cause much inflection. AVe must 
therefore conclmh? that tlu' central glamls, wlum 
strongly excite(l, transmit some influence to tlie glands 
of the circumferiuitial tentacles, causing them to secrete? 
more co])iously. 

It is a still more important fac.t (as we shall see 
iium? fully wh(?n we treat of tin? digestive power of 
llie s(MU’elion) that when the? tentacles become infl(?cted. 
owing to the c(?ntral glands having been stimulated 
in(?(lianically, or by contact with animal matter, the 
secretion not only increases in quantity, but changes 
its nature and becomes acid; and this occurs befort; 
the glands have tomihed the object on the centre of 
the leaf. Tliis add is of a difte^rent nature from that 
contained, in the tissue of the leaves. As long as the 
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tfjiitiiclos nmiain closc'ly inflocitod, the glands continue 
to socnde, and the s(H*rc‘tion is acid ; so that, if inai- 
tralised hy earlwjiate of soda, it again h(jeonie»> acid 
after a f(i\v hours. I hav(^ observ(;d the same h*af with 
the teiitacdes closely inflected over rather iiidigesti])le 
suhstances, sinli as clu'niically j)r(‘j)ar(ul casein, j>our- 
ing forth acid s('orotion for eiglit siu^cc^ssive days, and 
over hits of hou(j for ten succt‘ssiv(i days. 

Th(* secretion seems to possess, like the gastric; juice 
of tlie higlu'r animals, some antisc^ptic; power. During 
very warm wt;allu‘r F placed close together two e(|ual- 
sizcMl bits of raw meat, om^ on a h‘af of the Drosera, 
and the other ' surrounded by wet moss. They were 
tlius left for 18 hrs., and tlu^ii examined. The bit on 
tlie moss swaruK'd with infusoria, and was so much 
dc‘cayiid that tiu; transverse strim on the muscular 
flbr(;s could no longer be clearly distinguished; 
whilst the', bit on the h'af, which was bathed by the 
sc(;r(‘tion, was frc'c' from infusoria, and its stria* w(‘re 
pcul'eetly distinct in the central and undissolv(‘d por- 
tion. In like manner small cubes of albumen and 
clie(\se placed on wet moss b(*came thrc.'adcd with 
tilauMMits of mould, and had tlieir surfacc‘s slightly 
discoloured and disintegrated; whilst those on the 
h‘avcs of Drosc'ia remained (;h*an, the albumen beiiiir 
cluiuged into transparent fluid. 

As soon as tentacles, which have remainc'd close*!} 
inflected during several days over an object, b(;gin to 
rc-expand, thdr glands sec*iyte less freefly, oi* ceasi* 
to secrete*, and’ are l<*ft dry. In this state they are. 
covcired with a lilm of whitish, semi-librous matter, 
which was held in solution by the secretion. The 
drying of the glands during the act of r(>ex])an- 
siou is of some little service to the j)Iant; for 1 have 
often observed that objects adherijig to tl^* leaves 
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th<^u 1)0 lilowii away l»y a hn'atli of air; tin* 
loavos thus loft unenouml)(T(‘<l and froo for futun* 
aotioii. \«»vortl)(d('8S, it often luipj^^ais tliat all tlio 
glands do not hooorao ooinpltdidy dry ; and in this 
<*as(‘ dolioati^ ohjocds, snoh as fragile ins(vds, an» soino- 
tinios torn by the ro-oxpansion of tli('- tontaclos int(» 
frajj^iuonts, whioJi nnnain scathnunl all ovtir tho leaf. 
Aft<T the ro-(iX[)ansion is complete, tho glands ([ui(d\ly 
begin to ro-socndes and as soon as full-sized drops 
are h)rmod, tln^ tentaeh's ani r(‘ady to elasj) a new 
obj(‘(*t. 

When an insect alights on fhe ecmtral dis(*, it is 
instantly entanghMl by thc^ viscid secfotion, and the 
surrounding tentacles after a time Ix'gin to bend, and 
ultimately clasp it on all shies. Insects are gemjrally 
killecl, ac(M)rdmg to Dr. Nitsehke, in about a, quarter 
of an hour, owing to their trachea) being closed by 
tho socndion. If an ins(‘ct adlnu’os to only a f(*w (»f 
tho glands of tho <‘xtorior tontaeles, th(*so soon 
become' inflected and carry their prt.y to the tentacles 
next siic.ceo^ling tlnun inwards; these then b(*nd in- 
wards, and so onwards, until tho insect is ultimate ly 
carritsl by a curious sort of rolling movtmu‘]it to tin* 
centre of the leaf. Then, after an int(*rval, tho ten- 
tacles on all sides become intl(M*ted and batlu) their 
prey with their secretion, in tho sajno manner as 
if the iiisf3(;t had tirst alighted on the ccmtral disc. It 
is surprising how minute an insect suflices to cause 
this action : for instance, T have seem one of tho 

f . 

smalh'st s])eeios of gnats (Culex), which had just 
settled with its exc(*ssivoly delicate feet on the 
glands of the outermost tentacles, and these wore 
already beginning to curve inwards, though not a 
single gland had as yc5t toiKihed the body of the 
insect. Had 1 not interfered, this minute gnat would 



(llIAP. 1 . 


ACTION OP THE PARTS. 


17 


Hssuredly have been carried to the Centre of the leaf 
and been securely claspcid on all sides. Wo shall 
luireaftcr see wlurit excessively small doses of c^^taiii 
orji^anic; fluids and saline solutions cause strongly 
marked inflection. 

WhetluT insects alight on the leaves by mere 
chance, as a resting-place, or are attracted by the 
odour of the secretion, I know 'not. I suspe(;t from 
the number of ins(3(;ts («uight by the English species 
of Drosera, and from what 1 have observcid with some 
exotic speci('s k(»]>t in my greemhouse, that the odour 
is attractive. In this hitter case the heaves may be 
compared with' a baited trap ; in the former case with 
a trap laid in a run fn^quented by game, but without 
any bait. 

That the glands possess the power of absorption, is 
shown by their almost instantaneously becoming dark- 
colourcid when given a minute quantity of carbonate of 
ammonia ; the change of colour being chiefly or exclu- 
sively due to 'the rapid ^aggregation of their contents. 
When certain otlu'r fluids are adtled, they become pile- 
coloured. TJieir power of absorption is, however, best 
slmwn by the widely diflerent results which follow, 
from placing drops of various nitrogenous and non- 
nitrogenous fluids of the same density on the glands 
of the disc, or on a single marginal gland ; and like- 
wise by the very different lengths of time during which 
the tentacles remain inflected over objects, which yield 
or do not yield soluble nitrogenous matter. This 
same conclusion might indeed have been inferred from 
the structure and movi'meiits of the leaves, which are 
so admirably adapted for capturing insects. 

The absorption of animal matter from captured 
insects explains how Drosera can flourish in extremely 
poor peaty soil, — in some cases where inching but 

• 0 
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sphagnum moss grows, ami mosses dejKind altogether 
on tho atmosphere fur their nourishment. Although 
tho leaves at a hasty glance do not appear green, owing 
to tho purple colour of the tentacles, yet the upper and 
lower surfaces of th(! hliule, the j)ediccls of tho central 
tentacles, and the petioles contain chlorophyll, so that, 
no doubt, the plant obtains and assimilates earbonict 
acid from the air. Nevertheless, considering tho 
nature of the soil where it grows, the supply of nitrogen 
would be extremely limited, or quite deficient, unless 
tho plant had the jxwer of obtaining this inijwrtant 
element from cjvptured insects. We can thus under- 
stand how it is that the roots are so poorly deYolu])ed. 
These usually consist of only two or three slightly 
divided branches, from half to one inch in length, 
furnished with absorbent hairs. It appears, therefore, 
that the roots serve only to imbibe water ; though, no 
doubt, they would absorb nutritions matter if present 
in the soil ; for as we sliall hereafter sec, they absorb 
a weak solution of carbonate of ammonia. A plant 
of Drosera, .with tho edges of its leaves curled in- 
wards, so as to form a tem]X)rary stomach, with the 
glands of the closely inflected tentacles pouring forth 
their acid secretion, which dissolves animal matter, 
afterwards to be absorbed, may be said to feed like an 
animal. But, differently from an animal, it drinks by 
its roots ; and it must drink largely, so as to 
retaih many drops of viscid fluid round the glands, 
sometimes as many as 2G0^ exposed during tho whole 
d&f to a glllring sun. 
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CHAPTER ir. 

Thk Movkmknts op the Tentacles from the Contact of Solil 
Bodies. 

liiilection of tho exterior teiitiiele.s owing to tlie glainls of tlie (lis%e 
being excited by ntpeutiHl touches, or by ol)jecttH left in eeutuct 
with them — Diffeirenctj in tho action of bodies yielding and not 
yielding soluble nitrogenous luuttcir — Inilection of the exterior' 
tentacles directly caused by objects left in eoutuct with their 
glands — l*erio<ls of coiiiiiicMieing infection and of subsequent re- 
expansion — Extreme iniiiuteness of the partich^s causing inilection 
— Action underVater — Inilection of the exterior tentacles when 
their glands are excited by refSMitetl touches — Fulling dn^ps of 
water do not cause inilection. 

1 WILL give in this and the following chapters some of 
the many experiments made, which best illustrate the 
manner and rate of movement of the tentacles, when 
excited in various w\‘iys. The glands alone in all 
ordinary eases arc siiscfptiblo to excitement. AVhen 
excited, they do not themselves move or change form, 
but transmit a motor impulse to the bending part of 
their own and adjoining tentacles, and are thus carried 
towards tho centre of tlie leaf. Strictly speaking, the 
glands ought to be called irritable, as the term sensi- 
tive geiuu’ally implies consciousness ; but no one sup- 
poses that the ISeiisitive-plant is conscious, and as 1 
have found the term convenumt, 1 shall use it without 
scruple. I will commence with tho movements of the 
exterior tentacles, when indirectly excited by stimulants 
applied to tho glands of the short tentacles on the disc. 
The exterior tentacles may be said in this case to be 
indirectly excitt?d, because their own glands are not 
directly acted on. Tho stinmlus proceeding from thc» 
glands of tho disc acts on the bending ])&^t of the 

• c 2 
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<\\t(Tior tentaolos, near tlioir bases, and does not (as 
will hereafter be proved) iirst travel nj) the 2 )edieels to 
the <jlands, to be tlieii reflected bacte to tlie bending? 
place. Nevertheh'ss, some influence do(‘s travel nj) to 
tli(' f^lands, eansin" tlumi to secTote more eojnonsly, 
and the secretion to become a^id. This latter fact 
is, 1 believe, quite new in the physiology of plains', 
it has indeed only recently b(U‘n established that in 
tlie animal kingdom an influence can be transmitted 
along the nerves to glands, modifying tluur power of 
secri'tion, iudej)endently of the state' of the blood- 
vessels. 

The Inflection of the Exterior Tentacles from the Glands 

of the Disc hehif^ excited hj Eepeated Touches^ or hy 

Objects left in Contact udth them. 

The ccmtral glands of a leaf were irritated with a 
small stiff camel-hair brush, and in 70 m. (minutes) 
several of the outer tentacles were inflected ; in 5 hrs. 
(hours) all the sub-marginal tentacles were inflcicded ; 
iu»xt morniiig after an interval of about 22 hrs. they were 
fully re-expanded. In all the following easels the period 
is reckoned from the time of first irritation. Another 
loaf treated in the same manner had a fenv tentacles 
inflected in 20 m. ; in 4 hrs. all the submarginal and 
some of the extreme marginal tentacles, as well as the 
edge of the loaf itself, were inflcetc'd ; in 17 hrs. they 
Inal recovered their jjrojior, expaiuh'd 2 )osition. 1 then 
put a dead fly in the centre of the last-mentioned loaf, 
and next morning it was closely clas5ped ; five days 
afterwards the leaf re-expanded, and the tentaefles, 
with their glands surrounded by secretion, were ready 
to act again. 

IVrtieles of ‘meat, dead flies, bits of paper, wood, 
dried moss, si)ouge, cinders, glass, &c., were repeatedly 
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pla(?ed on leaves, and tliese objects were well embrace*! 
in various periods from 1 hr. to as lon;^ as 24 hrs., and 
set free again, wi^li tbcj leaf fully re-expanded, in |‘r*)ni 
one or two, to seven or even ten days, according to 
tins nature of the object. On a loaf which had 
naturally caught two llicss, and therefore had already 
closed and reopen(?d either once or misre probably 
twice, I put a fresh fly : in 7 hrs. it was moderately, 
and in 21 hrs. thoroughly well, (dasped, with tln^ 
(idges of the hsaf inflected. In two days and a 
half tins leaf had nearly re-expanded ; as the extuting 
object was an insect, this unusually short ])eriod of in- 
flection was, iKjp doubt, due to the leaf having recently 
bec'ii in ac.tion. Allowing this same leaf to rest for 
only a single day, I put on another fly, and it again 
(;lose<l, but now very slowly ; nevertheless, in less than 
two days it succeeded in thoroughly clasping the fly. 

When a smaill object is placed on the glands of tlu‘ 
disc, on one sidcj of a leaf, as near as possible t.(» 
its circumferciice, the tentacle's on this side are first 
aflbeted, those on the opposite side much later,. or, as 
*jft(?n occurred, not at all. This was repeatedly provc'fl 
by trials with bits of meat ; but I will here give only 
th(} case of a minute fly, naturally caught and still 
alive, which I found adhering by its delicjite fi.'ot to 
the glands on the extreme left side of the central disc. 
^Jlie marginal tentacles on this side closed inwards 
and killed 'the fly, and after a time the edge of the 
leaf on this side also beciime inflected, and thus 
remained for several days?, wliilst neither the tontacl(*s 
nor th(5,edge on the opposite side were in the least 
affected. 

If young and active leaves , arc selected, inorganic 
particles not larger than the head of a small pin, 
placed on the central glands, sometimes cause the 
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outer tentacles -to bend inwards. But this follows 
niiK^h more surely and quickly, if the objcjct contains 
nitrogenous matter which can be ,dissolv<‘d by the 
secretion. On one occasion I observed the follow- 
ing unusual circumstance. Small bits of raw moat 
(which acts more oncrgfjtically than any otluT sub- 
stance), of paper, dried moss, and of the quill of a 
2)cn were jilaced on several leaves, and they Aven^ all 
embrac(Ml equally well in al)out 2 hrs. On other 
occasions the above-named substances, or more com- 
monly 2)articles of glass, coal-cinder (taken from the 
fire), stone, gold-loaf, dried grass, cork, blotting-paj)cr, 
cotton-wool, and hair rolled up into little balls, were 
used, and these substances, though they were some- 
times AA'ell embraced, often caused no movement what- 
ev(T in the outer tentacles, or an extremely slight and 
slow moveunent. Yet these same loaves were proved to 
be in an active condition, as they Avere excited to move 
by substances yielding soluble nitrogenous matter, 
such as bits of raAV or roast meat, the yjolk or Avhite of 
boiled eggs, fragments of insects of all orders, spiders, 
&c. I will gi\"(i only tAvo instances. Minute flics Avero 
placed on the discs of several leaves, and on others 
balls of paper, bits of moss and quill of about the same 
size as the flies, and the latter Avere well embraced 
in a fcAv hours ; Avhereas after 25 hrs. only a very 
foAv tentacles were inflected over the other objects. 
The bits of 2)aper, moss, and quill were then removed 
from these leaves, and bits of raAv meat placed on them ; 
and now all the tentacles Avere soon energetically 
inflected. 

Again, particles of coal-cinder (weighing rather more 
than the flics used in the last experiment) were placed 
on the centres of three leaves: after an interval of 
19 hrs. one of the particles was tolerably well embraced; 
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a second by a very few tentacdcs ; and a third by none. 
I then removed the particdes from the two latter leaves, 
and put on the^ recently killed flies. These were 
fairly well embraced in 7^ hrs. and thoroughly after 
20J hrs. ; the tentacles remaining inflected for many 
suhs(Mpient days. On the other hand, the one leaf 
which had in tlie course of 19 hrs. embraced the bit of 
cinder moderately well, and to which no fly was given, 
after an additional 33 hrs. (i. e. in 52 hrs. from the 
time when the cinder was put on) was comj)h‘tcly 
re-oxpande<l and ready to act again. 

I^rom thes(5 and numerous other experiments not 
worth giving, rt is certain that inorganic substances, 
or siKih organic substances as are not attacked by the 
secretion, act much less quickly and efficiently than 
organic substances yielding soluble matter which is 
absorbed. Moreover, I have met with very few excep- 
tions to the rule, and these exceptions ajiparently 
depended on the leaf having been too recently in 
action, that the tentacles remain clasped for a much 
longer time over organic bodies of the nature just 
s 2 ) 0 cifi(Hl than over those which are not acted on by 
the secretion, or over inorganic objects.* 


• Owing to Iho extraordinary 
helief hold bv M. Ziegler (‘Coiuii- 
teH rendiiH,’ May 1872, ’p. 122), 
tliat albuniiiioiiH HubstauceH, if 
iHjld for u moment betw(?en the 
lingers, acquire tlic pmperty of 
making the tenbieles of llrosera 
contract, whereas, if not thus held, 
tlu^y have no such power, 1 tried 
Rome exiKirimtnits with great can*, 
but the results did not conlimi 
tills lielief. Jted-liot cinders were 
taken out of the Are, and bits 
of glass, cotton-thread, blotting 
paper and thin slices of cork 
were immersed in boning water ; 


and particles 'were then placcnl 
(every instrument with which 
they w<*rc tonchiHl having lK*en 
previously immersed in boiling 
water) on the glands of several 
leaves, anil they acted in exactly 
^Jie same manner as other par- 
ticles, wliicli had been piirjiosely 
luindliMl for some time. Bits of 
a Isnled egg, cut with a knife 
which had been washed in boiling 
water, also acted like any other 
animal substance. T hreatheil on 
some leaves for uliove a minute, 
and rejieated the act two or three 
times, with my moq{;h close to 
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The Inflection^ of the Exterior Tmitaeles aa directly caused 
hy Objects left in Contact with th^r Glands. 

I 

I made a vast number of trials by placing, by means 
of a fine Jieedle moistened with distilled water, and 
with the aid of a lens, particles of various siibstanccis 
on the viscid secretion surrounding the glands of the 
outer tentacles. I experimented on both the oval and 
long-headed glands. When a particle is thus placed 
on a single gland, the movement of the tentacle is 
particularly well seen in contrast with tlie stationary 
condition of tlui surrounding tentacles. (See previous 
fig. 6.) In four cases small particle^ of raw meat 
caused the tentacles to be greatly inflected in between 
5 ■ and fl m. Another tentacle similarly treated,* 
and obscirved with special care, distinctly, tho^igh 
slightly, changed its position in 10 s. (seconds) ; iind 
this is the quickest mov('uif'nt seem by mo. In 2 m. 
30 s. it had moved through an angle of about 45”. 
The movement as seen through a lens resembled that 
of the hand of a large clock. In 5 m. it had moved 
through 90°, and when I looked again after 10 m., 
the particle had reached tlio centre of the leafj so 
that the whole movement was completed in less 


theun, blit t]iis produced uo effect. 
I iiiuy here luld, as Hhowiif;; that 
tlie h‘uve.s uri! not acted on by the 
orlour of nitrogtiiious siibHtaiices, 
that pieces of raw meat stuck on 
nc(!dle8 wore HxchI as close as 
])ossible, without actual contiict, 
to several leaves, but pnxliicerl 
no effect whatever. On the other 
liand, as wc shall hereafter see, 
th(} vapours of certain volatile 
substances and fluids, si^ch as of 
carl)onate of ammonia, chloro- 
form, certain essential oils, &c., 


oauKo .inflection. M. Ziegler 
makes still more extraordinary 
HtntemcntH with rcspec!it to the 
I^jw'er of animal substances, which 
have lK)en left Oloso to, but not in 
contact with, sulphate of quinine. 
The actirm of salts of (]iiinine will 
be described in a future chapter. 
Since the appeamnee of tin; paper 
above referred to, M. Ziegler has 
published a book on the same 
subject, entitled, ^Atonicite' et 
Zoicit6,* 1874. 

• 
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than 17 m. 30 s. In the course of some hours this 
niinnto bit of moat, from having boon .brought into 
contact with sonjo of the glands of the central disc, 
acted (jentrifiigally on the outer toiitaeles, which all be- 
came closf^ly inflected. Fragments of flies ^rp placed 
on the glands of four of the yntcr .tei^cl,es, ex- 
tended |n the same jdane with that of the blade, and 
three of these fragments were carried in 35 m. through 
an angle of 180° to the centre. The friigment on 
the fourth tentacle was Very minute, and' it Avas 
not carried to the (iontre until 3 hrs. had^elapsed. In 
three other cases minute flics or portions of larger 
ones w'ore carried to the centre in 1 hr. 30 s. In 
these seven cases, the fragments or small flies, which 
ha<l b(icn carried by a single tentacle to the central 
glands, were w(j 11 embraced by the other tentacles 
after an interval of from 4 to 10 hrs. 

I also j)laccd in tlui manner just described six small 
balls of writ ijig- paper (rolled up by the aid of pincers, 
so that th(?y not touched by my fingers) on the 
glands of six exterior tentacles on distinct leaves; 
three of these w ere carried to the centre in about 1 hr., 
and the other three in rather more than- 4 hrs. ; but 
after 24 hrs. . only two of the six balls were well em- 
braced by the other tentacles. It is possible that 
the secretion may hav(3 dissolved a trace of glue or 
animalised matter from the balls of paper. Four par- 
ticles of .coal-cind(}r were then placed on the glands 
of four exterior tentacles ; one of these reached 
the centre in 3 hrs. 40 m. ; the second in 9 hrs. ; the 
third within 24 hrs., but had moved only part of the 
way in 9 hrs. ; wdiilst the fourth moved only a very 
short distance in 24 hrs., and never moved any farther. 
Of the above three bits of cinder w hich w ere ultimately 
carried to the centre, one alone was well embraced by 
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many of the other tentacles. We here see clearly that 
such bodies as particles of cind(?r or little balls of 
' paper, after bein^ carried by the rtentaeles to the 
central glands, act very differently from fragments of ^ 
flics, in causing the movement of the surrounding 
tentacles. 

I made, without carefully recording the times of 
movement, many similar trials with other substances, 
such as splinters of white and blue glass, particles of 
cork, minute l)its of gold-lcnif, &c. ; and the propor- 
tional number of cases varuid much in which th(» 
tentacles reached the centre, or moved only sliglitly, 
or not at all. One evening, particles of glass and 
cork, rather larger than those usually employed, were 
placjcd on about a dozen glands, and next morning, 
after 1«3 hrs., every single tentacle had carried its little 
load to the centre ; but the unusually large sizes of the 
particles will account for thi3 result. Tn smother (sase 
!! of the particl(3S of cinder, glass, and thread, placed 
on separate glands, were carried towards, or actually 
to, the centre; in another case I, in another and 
in the last case only -/j. were thus carried inwards, the 
small proportion being liere due, at least in part, to the 
leaves being rather ohl and inactivcj. Occsasionally a 
gland, with its light load, (!ould be soon through a 
strong lens to move an extremely short disbince and 
then stop; this was especially apt "to occur when cx- 
(sessively minute particles, much less than those of 
which the mcjasurcments will be immediately given, 
were placed on glands ; *so that we here have nearly 
the limit of any action. 

I was so much surprised at the smallness of the par- 
ticles which caused the tentacles to become greatly 
inflected that it seemed worth while carefully to 
ascertain how minute a particle would plainly act. 
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Accordingly measured lengths of a narrow strip of | 
blotting paper, of fine cotton-thread, and of a woman’s ; 
hair, were carefi^lly wiiighed for me by Mr. Tronham ■ 
Keeks, in an excellent balance, in the laboratory in 
Jermyn Street. Short bits of the paper, thread, and 
hair wukj then cut off and measurcjd by a micrometer, . 
so that their weights could bo easily calculated. The . 
bits were placed on the viscid secretion surrounding the . 
glands of the exterior tentacles, with the precautions | 
already stated, and I am certain that the gland itself » 
was never touched ; nor indeed would a single touch 
liavc prodiKKMl any csftec.t. A bit of the blotting-paper, ' 
weigliing of a grain, \vas placed so as to rest on ’ 
three glands together, and all three tentacles slowly 
curv(Ml inwards; each gland, tluirefore, supposing the 
weight to be distributed equally, could have been 
pressed on by only of a grain, or •0464 of a milli- 
gramme. Five nearly ecgial bits of cotton-thread were 
tried, and all acted. The shortest of these was 3 V 
an inch in length, and weighed ^ grain. The 

tentacle in this cas(^ was considerably inflc*c.tcd in 
1 hr. 30 m., and the bit of thread was carried to the 
centre of the leaf in 1 hr. 40 m. Again, two particles 
of the thinner end of a woman’s hair, one of these 
being of an inch in length, and weighing -g-y-I-rr of 
a grain, the other o of an inch in length, and weigh- 
ing of course a little more, w^ere placed on two glands on 
opposite sides of the same leaf, and these two tentacles 
were inflected halfway towards the centre in 1 hr. 10 m. ; 
all the many other tentacle's round the Siiine leaf re- 
maining motionless. The api>oarance of this one loaf 
showed in an unequivocal manner that those minute 
particles sufficed to cause the tentacles to bend. Alto- 
gether, ten such particles of hair were placed on ten 
glands on several leaves, and seven of them caused 
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the tentacles to move in a conspicuous nninnor. The 
smallest particle which was tried, and wliich acted 
plainly, was only « o{ an incli (-21)3 millimetre) in 
length, and weighed the of a grain, or *000822 

milligramme. In these several cases, not only was the 
inflection of the tentacles conspicuous, but tlic purjde 
fluid within their cells became aggregated into little 
masses of protoplasm, in the manner to be described in 
the next chajjter ; and the aggregation was so plain 
that I could, by this clue alone, have readily ])i(;ked 
out under the microscope all the bnitaclcs whi(jh had 
carried their light loads towards the centre, from the 
hundreds of other tentacles on the same leaves which 
had not thus acted. 

My sur})risc was greatly excited, not only by the 
minuteness of the partiedes which caused movem(uit, 
but how they could possibly act on the glands ; for it 
must be remembered that ^^hey were laid with the 
greatest care on the convex surface of the secretion. 
At first 1 thought — but, as I now know', erroneously — 
that particles of such low specific gravity as those of 
cork, thread, and paper, w’ould never come into contact 
with the surfaces of the ghinds. The ])article8 cannot 
act simply by their weight being added to that of the 
secretion, for small drops of w^ater, many times heavier 
than the particles, were repeatedly added, and never 
prodiKJcd any effect. Nor does the' disturbance of the 
secretion produce any effect, for long threads were 
drawn out by a needle, and affixed to some adjoining 
object, and thus left for hours ; but * the tentacles 
remained motionless. 

I also carefully removed the secretion from four 
glands with a sharply pointed piece of blotting-paper, 
so that they were exposed for a time naked to the air, 
but this caused no movement ; yet these glands were 
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in an efficient state, for after 24 hrs. had elapsed, they 
wore tried with bits of moat, and all became quickly 
inflected. It tlien occurred to me that particles float- 
ing on the secretion would ciist shadows on the glands, 
which might be s(jnsitivo to the interception of the 
light. Although tliis seemed highly improbable, as 
minute and thin splint(irs of colourless glass acted 
pow(»rfully, novcrtholoss, after it was dark, I put on, 
by th(^ aid of a single tallow candle, as quickly as 
I)ossible, particles of cork and glass on the glands of a 
(I()Z(‘n tentacles, as well as some of meat on other 
glands, and covered them uj) so that not a ray of light 
could enter ; but by the next morning, after an interval 
of 13 hrs., all the particdes wercj carried to the centres 
of the leaves. 

ni('S(3 iK^gativo rcisults led mo to try many more 
experiiiKuits, by placing particles on the surface of the 
drops of secTction, observing, as carefully as I could, 
whether they ])enctrated it and toucluid the surfiice of 
the glands. The sccrotjion, from its weight, generally 
forms a thicker layer on the under than on the upper 
sides of the glands, whatever may be the i)Osition of 
the tentiudes. Minute bits of dry cork, thread, blotting j 
paper, and coal canders were tried, such as thos(3 pr6> f 
viously employed; and I now observed that they j 
absorbed much more of tlui sc(?rotion, in the course of j 
a few minut(*s, than I should have thought possible ; and ^ 
as they had been laid on the upper surface of the secre- ' 
tion, where it is thinnest, they vrere often drawn down, 
aft('r a tinuj, into contact with at least some one point h 
of the gland. With respect to the minute splinters j 
of glass and particles of hair, I observed that the* 
secretion slowly spread itself a little over their sur-| 
faces, by which means they were likewise drawn down- 
wards or sideways, and thus one end, or somg minute * 
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prominence, often came to touch, sooner or later, the 
gland. 

Iij the foregoing and following ca»3S, it is probable 
that the vibrations, to which the furniture in every 
room is continually liable, aids in bringing the par- 
tic.les into contact with the glands. Jhit as it was 
sometimes difficult, owing to the refraction of the secre- 
tion, to feel sure whether the particles were in contaert, 
I tried the following experiment. Unusually minute 
particles of glass, hair, and corh, were gcmtly jdaeed on 
the drops round several glands, and v(iry few of the 
tentacles moved. Those which were not aftected were 
left for about half an hour, ami the' particles were 
then disturbed or tilted up several times with a line 
needle under the microscope, the glands not being 
touched. And now in the crourse of a few minutc^s 
almost all the hitherto motionhiss tentacles began to 
mov(5 ; and this, no doubt, was caused by oius end or 
some prominence of the particles having come into 
conta(*t with the surfiwio of the glands. But as the 
particles were unusually minute, the movement was 
small. 

Lastly, some dark blue glass pounded into fine 
splinters was used, in order that the points of the par- 
ticles might be lx^tt(?r distinguished when immersed in 
the secretion ; and thirteen such particles were placed 
in contact with the depending and therefore thicker 
. part of the drops round so many glands. Five of thci 
tentacles began moving after an interval of a few 
* minutes, and in these cases .1 clearly saw that the par- 
1 tides touched the lower surface of the gland. A sixth 
! tentacle moved after 1 hr. 45 m., and the particle 
was now in contact with the gland, which was not the 
case at first. So it was with the seventh tentaede, but 
its movement did not begin until 3 hrs. 45 m. had 
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elapsed. The remaining six tentacles never moved 
as lung as they were observed; and the pirticles 
apparently never eame into contact with the surfaces 
of the glands. 

From these experiments we learn that particles not 
containing soluble matter, when jdaced on glands, often 
cause the tentacles to begin bending in the course of 
from one to live minutes ; and that in such cases the 
particihis have luion from the first in contact with the 
surfaces of the glands. When the tentacles do not- 
begin moving for a much longer time, namely, froraj 
lialf an hour to three or four hours, the 2 )articles» 
have b(Mui slowly brought into (jontact with the* 
glands, eitluT by the setiretion being absorbed by thel 
[)arti(;les or by its gradual 8i)reading over them, to- 
gether with its consequent quicker (»Tai)oration. 
When the tentacles do not move at all, the particles ^ 
have iKJver (‘ome into (jontact with the glands, or in. 
some cas<?s the tentacles may not have been in anj 
active condition. In order to excite movement, it is' 
indispensable that the particles should actually rest on) 
the glands; for a touc.h once, twuse, or even thricej 
repeated by any hard body is not sufficient to excite^ 
movcmcuit. 

Another experiment, showing that extremely mi- 
nute 2 )articles act on the glands when immersed in^^ 
w^ater, may hero bo given. A grain of sulphate of i 
quinine was added to an ounce of water, which was • 
not afterwards filtered ; and on placing three leaves in ' 
ninety minims of this fluid, I was much surprised to find . 
that all three leaves were greatly inflected in 15 m. ; I 
for I knew from previous trials that the solution does* 
not act so quickly as this. It immediately occurred j 
to me that the particles of the undissolved salt, which f 
wore so light as to float about, might have come* 
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into contact with the glands, and caused this rapid 
movement. Accordingly 1 added to some distilled 
water a pinch of a (|iiite innocent fSiibstance, namely, 
precipitated cerhonate of lime, which consists of an 
impalpabhi powder; I shook the mixture, and thus got 
a fluid like thin milk. Two leavcis were immersed in 
it, and in (i m. almost every tentacle was much 
inflected. I placed oiu^ of these hnives und(T the 
microscope, and saw iiuiumorable atoms of lime ad- 
hering to the external surfiwMi of tlie secretion. Some, 
however, had penetrated it, and w(ir(s lying on the sur- 
faces of the glands ; and no doubt it was these particles 
which caused the tentacles to bend. When a leaf is im- 
mersed in water, the secretion instantly swells much ; 
and I presume that it is ruptured hero and there*, so 
that little eddies of watcjr rush in. If so, we can under- 
stand how the atoms of chalk, which rested on the 
surfaces of the glands, had penetratcid the secretion. 
Anyone who has rubbed precipitated chalk between 
his fingers will have perceived how .oxccssivcdy fine* 
the powder is. No doubt tliere must be a limit, beyond 
which a particle would be too small to act on a, gland ; 
but what this limit is, I know not. I have oftem seen 
fibres and dust, whicdi had fallen from the air, on the 
glands of idants kept in my room, and these never 
induced any movement ; but then such 2 )articles lay 
on the surface of the secretion and never reached the 
glaTid itself. 

Finally, it is an extraordinary fact that a little • 
bit of soft thread, -,*,y of an inch in length and weigh- 
ing -rtxVr ^ grain, or of a human hair, -^ 0 %) 
inch in length and weighing only of a grain 

(•000822 milligramme), or 2 )artieles of j^reeijntated 
chalk, after resting for a short time on a gland, 
should induce some change in its cells, exciting them 
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to transmit a motor impulse tlirouf^hout the whole 
length of the ])cdieel, consisting of about twenty cells, 
to near its base, causing this part to bend, andjthe 
tentmde to sweep tlirougli an angle of above 180”. 
That tlie contents of the colls of the glands, and after- 
wards those of the pedicels, are affected in a plainly 
visible manner bj the pressure of minute particles, we 
sliall hav(i abundant eviclonce when we treat of the 
aggregation of protoi)lasin. Ihit the case is much more 
remarkable tlian as' yet stated ; for the particles arc sup- 
portiMl by the viscid and dense secretion ; nevertheless, 
even smaller oiu's than those of which the nieasun*- 
ments have bcMuf givtm, when brought by an insensibly 
slow movememt, through the means above specified, into 
(jonbict with tlie surface of a gland, act on it, and the 
tonta(^lo bends. The pressure exerted by the particle 
of hair, weighing only of a grain and supported 

by a <lenso fluid, must have b(HUi inconceivably slight. 
W(5 may conjecture that it c*ould hardly have equalled 
the millionth of a grain; and wo shall hereafter see 
tliat far less than the millionth of a grain of phos- 
])hate of ammonia in solution, wlien absorbed by a 
gland, acts on it and induces movement. A bit of 
hair, ^ of an inch in length, and thc’srefore much 
larger than those used in the alx)V(i experiinonts, was 
not perceived wlieii placed on my tongue ; and it is, 
extremely doubtful whether any nerve in the humaiir 
body, (^ven if in an inflamed condition, would be inj 
any way aflected by such a particle supported in a I 
<leiise fluid, and slowly brought into contact with the 
nerve. Yet the cells of the glands of Drosera are thus | 
excited to transmit a motor impulse to a distant point, . 
inducing movement. It appears to mo that hardly • 
any more remarkable fact than this has been observed 
in tha vegetable kingdom. ^ j 
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Tlie Inflection of the Exterior Tentacles^ vlien their Glands 
o are excited hj Repeated Touches, 

We liJivc already seeu tliat, if the central gliinds 
are ex(jited by being gently brnslied, they trans- 
mit a motor impulse to the exterior tentacles, 
I'aiising thfiin to bend; and we have now to (?on- 
sidcr the effeeia which follow from tlie glands of 
the exterior t(mtael<‘s being themselves toiielKMl. On 
several occasions, a largo niimbt^r of glands nere 
touched only once with a noedhi or fine brush, 
hard enough \o bend the whole flexible tmitacle; 
and though this must have caused a thousand- 
fold greater pn^asuro than the weight of the above 
described particles, not a tentacle moved. On 
another occasion forty-live glands on eleven leavers 
were tomhed once, twic(v or even thrice, witli a 
needle or stiff bristle. This was done as quickly as 
possible, but with fonje sufficient to .bend the ten- 
tacles ; yet only six of them bcjcaine inflected, — threes 
plainly, and three in a slight degree. In order to 
ascertain whether these tentacles which were not 
affected were in an efficient state, bits of meat Avere 
placed on ten of them, and they all soon became greatly 
incurved. On the other hand, Avhen a large number of 
glands were stru(*h four, five, or six times with the 
same force as before, a needle or sharp splinter of 
glass being used, a much larger proportion of tentacles 
became inflected; but the result was so uncertain 
as to seem capricious. For instance, 1 struck in 
the above manner three glands, which happened t(^ 
bo extremely sensitive, and all three wore inflected 
almost as quickly as if bits of meat had been placed 
on them. On another occasion I gave a single for- 
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fible touch to a considerable iiumber of glands, and 
not one moved ; but tliese same glands, after an intt‘r- 
val t>f some hoiiru, Ixnng touched four or five tiim^s 
with a noedhi, sevcu’al of the tentacles soon became 
inflected. 

'I'he fact of a single touch or even of two or fhr<*e » 
touches not caiisijig Jnflectioii must be of some servi<*<* ' 
to the plant; as during stormy AveatluT, tlui glands » 
cannot fail to be oc(*asional]y touched by the* tall ^ 
blades of grass, or by other jdants growing near ; and 
it would 1)0 a great evil if the hmtacles wcto thus ' 
brouglit into action, for the a(*t of n.‘-cxj)ansion takes \ 
a considerable fime, ami until the tenhieles are rc- \ 
expanded th(iy cannot catch prey. On the otlnu* 
hand, extreme sensitiveness to slight pressure is of the 
highest, service to the plant; for, jis we have seen, if 
the delicate feet of a minute struggling insect press 
ev(.‘r so liglitly on the surfaces of two or three glands. i 
the tentach\s bearing these glands soon curl ijiwards 
ami carry the insect witli^them to the centre.*, causing, 
after a tiim*, all the (dreunifenntial tentacles t(» ' 
embrace it. NevcTtheless, the movements of the 
plant are not perf(*(;tly adaj)ted to its roquireim'uls ; 
for it' a bit of dry moss, peat, or other rubbish, is 
blown oil to tlie disc, as often happens, the tentacles 
<*las]) it in a iiscdoss manner. They soon, however. •* 
discover tlicir mistake and ndease siicli innutritions 
obj('cts. 

It is also a reinarkahlo fact, that drops of water fall- ^ 
ing from a height, whether und(*r the form of natural 
*»r artificial rain, do not cause the teiitach's to imive ; 
yf*t the drops must strike the glands with consi(h*rabIe 1 
force, niorc^ (.'Sjiecially after the seeretiou has been all » 
wash(?d away by heavy rain; and this often occurs, ’ 
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tlioiiffli the seeretioii is so viseid tliat it can be re- 
moved with dittieidty merely by waving the leaves in 
wa.t('r. If tin? falling drops of watfor are small, they 
atllien? to the seeretion, the weight of wliich must be 
incrt'asod in a inueh greater degree, as before re- 
jiiarked, than .by the addition of niinuto particles of 
solid matter; yet the drops never cause the tentacles 
to b(?come inflected. It would obviously have been a 
great evil to the ])lant (as in th(^ eas(‘ of o(;e-asional 
touches) if the tentacles were excited to bend by 
every sliower of rain; but this evil has been avoided 
by the glands eithcu* having become through habit 
insensible to tlie blows and prolonged pressure .of 
dnips of water, or to their having been originally 
reuden‘d sensitive sohdy to the (jontact of solid bodi(‘S. 
\V(‘ shall hereafter s(‘(5 that the filaments on the leaves 
of Diumoi are likewise inscmsible to the impact of 
fluids, thougli ex(£iiiaitely sensitive to momentary 
touclu»s from any solid body. 

\Vhi‘n the pediccd of a tentacle is cut off by a 
sharp pair of scissors quite close beneath the ghiTul, 
tin; tentacle generally becomes inflected. I tried this 
expcudmeiit repeatedly, as I was much surprised at tlu‘ 
fact, for all other parts of the; pedicels are insensible to 
any stimulus. These headless tentacles after a time 
re-expand ; but I shall return to this subject. On tin; 
oth(;r hand, I occasionally succeeded in crushing a 
gland betwe(;n a pair of pincers, but this caused no 
inflection. In this latter case tlie tentacles seem 
])aralysed, as likewise follows from the action of too 
strong solutions of certain salts, and by too great 
heat, whilst weaker solutions of the same salts and a 
more gentle heat cause movement. We shall also see 
in future chapters that various other fluids, some 
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CIFAPTER III 

A(iiiRE«iATION' OF THE l*«OTOPLAS>I WITHIN THE CeLIJS OF THE 

Tentacles. 

Xuturr of the contents of the cells Ix'foro ftg« 


(|iuiiitity of e^irlxuiate of animoniu causing nggri‘gation — Action 
of ntlujr salts of atiiuionia — Of otJier snUstanci's, organic itnids. 
Ac. — Of water — Of heat — Ileclissoliition of the uggregaleil masses 
— IVoxiniatc^ causes of the aggregation of the protoplasm — 
Siiinniary and concluding remarks — 8uj)p]emcntary ohservatioiis 
on aggregation in the r<M)ts of jdants. 

I wiiiL here interrupt my account of the iii()voni(*nts 
of the leav(‘s, and describe the phenomenon of apf^re- 
j»:ation, to which subject 1 Ifave already alhnled. If 
the t(‘iiti:^les of a young, yet fully matured leaf, that 
lias never becui excited or become iiiflectcMl, be ex- 
amiiu'd, the c(dls forming the pedicels are S(ien to b(? 
lillod with homogeiKJoiis, purple fluid. The walls are 
lined by a layer of colourless, circulating protoplasm ; 
but this can be seen with much greatcjr distinctness 
after the process of aggregation has been partly 
eftectc‘d than before. I'ho purple fluid which exudes 
from a eruslied tentacle is somewhat coherent, and 
do(»s not mingle with the surrounding water; it con- 
tains much llocculent or granular matter. But this 
matter may have been g(*nerated by the cells having 
b('en crushed; some degree of aggregation having 
liec'U thus almost instantly caused. 
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If a tentacle is exaniinofl some hours after the gland 
lifts hoeu excited by rtjjieatcd touches, or by an in- 
organic or organic particle placed on it, or by tli(3 
absorption of certain iluids, it presents a wholly 
eliangcd appearance*. The cells, instefid of being filled 
witli hoiriogeneons purple fluid, now contain variously 
shaped masses of purple matter, suspended in a colour- 
less or almost colourhiss fluid. The change is so 
c.onspi(!Uous tliat it is visible through a weak lens, 
and even sometimVs by tlic naked eye ; the tentacles 
now liave a inotth'd appearance, so that one thus 
affec.ted can be pi(5ked out witli ease from all the 
otli(U-s. The same result follows if the glands on the 
disc? arc irritated in any manner, so that the exterior 
tentacles become inflected; for their contents will 
tli(ui be found in an aggregated condition, although 
tlioir glands have not as yet touched any object. But 
aggregation may oc(uir independently of inflection, 
as we shall presently see. By whatever cause*, tlu* 
j)rocess may have been (jxcited, it commences within 
the glands, and then travels down tlu^ tentacles. It 
can be observed much more distinctly in j;he upp('r 
(•(ills of the pedic(ds tlian within the glands, as these 
are somewhat opacpie. Shortly after the tenhicles have 
^e-(^xpanded, the little masses of protoplasm are all 
rodissolved, and the purple fluid within the cells b(*- 
(jomes as homogeneous and transparent as it was at 
first. The process of redissolution travfds upwards 
from the bases of the tentacles to the glands, and 
therefore in a reversed direction to that of aggre- 
gation. Tentacles in an aggregated condition were 
shown to Prof. Huxley, Dr. Hooker, and Dr. Burdon 
Sanderson, who observed the changes under the 
microscope, and were much struck with the ^whole 
phenomenon. 
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The little masses of ag^n^gatod matter are of the 
most diversified shapes, often splierical or oval, some- 
times much elongated, or cpiite irregnlar with thread- 
er noeklacc-like or club-formed ])rojeetions. They 
consist of thick, apparently viscid matter, wliich in 
the exterior tentacles is of a j)urplish, and in the 
short discal tentacles of a greenish, colour. These 
little masses incessantly change "their forms and ])osi- 
tions, being never at rest. A single mass will (»ft<*n 
separate into two, which afterwards reunite. Their 
movements are rather slow’, and resemble* those of 
Amoeba} or of the white corpuscles of the blood. We 



{Droxera rotuwli/olia.) 

Diagram of the samo coll of a toiitaclp, alKAyiig tho various ibnua siiccossivrly 
avsuniod by the aggregated mi'iRKCH of prutupluam. 


may, therefore, coiKilude tliat tliey consist of ])roto- 
plasm. If their shapes are 8k<(t(!hed at intervals 
of a few minutes, they are invariably seen to have 
undergone great changes of form ; and tho sjuue 
cell has been observed for several hours. Eight nide, 
though accurate sketches of the same cell, made at 
intervals of between 2 m. or 3 m., are here given 
(fig. 7), and illustrate some of the simpler and com- 
monest changes. The cell A, when first sketched, 
included two oval masses of purple protoplasm touch- 
ing each other. These became separate, as shown 
at B,,and then reunited, as at C. After the next 
interval a very common appearance was presented — 
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J), luimoly, the foniiatiou of an extremely minute 
sphere at one end of an elongated mass. This rapidly 
inen^ased in sizd^ as shown in B, and was then, re- 
absorbed, as at F, by wliicjh time another sphere had 
boon formed at the opj)osite end. 

The coll above figured was from a tentacle of a dark 
red leaf, which Inid cauglit a small moth, and was 
examined under watc'r. As 1 at first thought that the 
movem()nts of the inassos might be due to the absorp- 
tion of water, I ])laeed a fly on a loaf, and when after 
18 hrs. all the ttmtaohjs were well inflected, these were 
examined without being immersed in water. The cell 
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Dingnun of tbc saino cell of a tciitiiQPlo, showing the variitus forma auccRaalvoly 
utsauinod by the oggn'gatcd masatia of pn>topluRiD. 


here represented (fig. 8) was from this leaf, being 
sketched eight times in tho course of 15 m. These 
sketches exhibit some of the more remarkable changes 
which the protoplasm undergoes. At first, th(;rc was 
at the l)as(^ of the cell 1, a little mass on a short 
footstalk, and a larger mass near tho upper end, and 
these seemed quite separate. Nevertheless, they may 
have been connected by a fine and invisible thread of 
protoplasm, for on two other occasions, whilst one 
mass was rapidly increasing, and another in the same 
(jell rapidly decreasing, I was able by varying tho 
light and using a high power, to detect a connecting 
thread of extreme tenuity, which evidently served as 
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the chrtniK?! of communication between the two. On 
the other hand, such connecting threads are some- 
times scon to break, and tlieir ^extremities then 
quickly become club-headed. The other sketches in 
fig. 8 show the forms suc(;i\ssively assumed. 

Shortly after tlie pur]de fluid within the cells has 
become aggregated, the little masses float about in a 
colourless or almost colourless fluid ; and the layer 
of white granular protoplasm w'hi(;h flows along the 
walls can now bo s(M‘n much more distinctly. The 
stream flows at an irregular rate, up one wall and 
down the o])posito one, generally at a slower rate 
across the narrow ends of the elongated ctdls, and so 
round and round. Ihit tlw) cnmmt sometiim's ceases. 
The movement is often in waves, and their (irosts 
sometimes stnitch almost across the whole width of 
the cell, and then sink down again. Small spheres of 
protoplasm, apparently quite free, are often driven by 
the current round the cnlls; and filaments attached 
to the central masses are s\yayed to and fro, as if 
struggling to escape. Altogether, one of tliese cells 
with the ever changing central masses, and with the 
layer of protoj)lasm flowing round the walls, presents 
a wonderful scene of vital fictivity. 


Many observations wero mado on the, contents of the cells 
whilst undergoing the process of aggregation, but I shall detail 
only a few cases under different heads. A small portion of a 
leaf was cut off, placed under a high power, and the glands 
very gently pressed under a compressor. In 15 m. I distinctly 
saw extremely minute spheres of protoplasm aggregating them- 
selves in the purple fluid; these rapidly increased in size, l)oth 
within the cells of the glands and of the upper ends of the 
])cdicels. Particles of glass, cx)rk, and cinders were also placed 
on the glands of many tentacles ; in 1 hr. several of them wore 
inflected, but after 1 hr. 35 m. there was no aggregation. Other 
tentacles with these particles were examined after 8 hrs., and 
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now all tbcir culls had undergone aggregation ; so liad the cells 
of tlio exterior tentacles which had become inflected through 
the irritation transmitted from the glands of the disc, on which 
the transported particles reste(L This was likewise the case^with 
tlio short tentacles round the margins of the disc, wliich had not 
as yet become inilcctcJ. This latter fact shows that the pro- 
cess of aggregation is jnde]Xindent of the inflection of the tim- 
taclcs, of which indeed we have other and abundant evidence. 
Again, the exterior tentacles on three leaves were carefully 
examined, and found to contain only homogeneous purple fluid; 
little bits of tliread were then placed on the glands of three of 
tlu'in, and after 22 .hrs. the purple fluiil in tlieir cells almost 
down to their bases was aggregated into innumerable, spherical, 
elongated, or .lilamentous masses of protoplasm. The bits of 
thread had been carried some time previously to the central 
disc, and this had caused all the other tentacles to Income 
somewhat inflected; and their colls htul likewise undergone 
aggi’cgation, Avhich however, it should ho observed, had not 
as yet extended down to their bases, but was confined to the 
colls close beiKiath the glands. 

Not only do reijcated touches on the glands* and the contact 
of minute particles cause aggregation, but if glands, without 
being tlicmselves injured, are cut off from the summits of the 
pedicels, this induces a moderate amount of aggregation in the 
lieadless tentacles, after they have l)econic inflected. On the 
other hand, if glands are suddenly crushed between i)inccrR, as 
was tried in six cases, the tentocles seem paralysed by so giLiit 
a shock, for they neither become inflected nor exhibit any signs 
of aggregation. 

Carbmiate of Ammonia . — Of all the causes inducing aggrega- 
tion, that which, as far as I have seen, acts the quickest, and is 
the most powerful, is a solution of (!arl)ouatc of ammonia. 'What- 
ever its strength may bo, the glands are always affected first, 
and soon become (pifte opaque, so as to appear black. For 
instance, I placed a leaf in a few drops of a strong solution, 
namely, of one part to 14G of water (or 3 grs. to 1 oz.), and 
observed it under a high power. All the glands began to 


♦ Judging from an account of 
M. Hcckors observations, which 
I have only just soon quoted in 
th(j ‘ Gardener’s Chronicle * (Oct. 
10, 1874), he ap|)<;ars to have 
observed a similar phenomenon in 


the stamens of Berberis, after 
tlic3y have been excited by a 
touch and have moved; for he 
says, “ the contents of each indi- 
vidual cell are collected together 
in the centre of the cavity.” 
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darken in 10 s. (seconds); and in 13 s. were conspicuously 
darker. In 1 m. extremely small spherical masses of protoplasm 
could ho seen arising in the cells of the pedicels close beneath 
the glands, as well as in the cuKhious *on which the long- 
headed marginal glands rest. In several cases the process 
travelled down the pedicels for a length twice or thrice as great 
as that of the glands, in about 10 in. It was interesting to 
observe the process momentarily arrested at each tmiisversc 
partition between t\vo cells, and then to sec tlic transparent 
contents of the cell next liolow almost flashing into a cloudy 
mass. In the lower part of the pedicels, the action proceeded 
slower, so that it took about 20 m. before the cells halfway 
down the long marginal and snbmarginal tentacles liecame 
aggregated. 

Wc may infer that the carbonate of ammonia is absorbed by 
the glands, not only from its action Ixjing so rapid, hut from its 
effect being somewhat different from that of other salts. As the 
glands, wdicn excited, sceretc an acid lielonging to tho acetic 
scries, the . carbonate is probably at once converted into a 
salt of this series ; and we shall presently sec that the acetate 
of ammonia causes aggregation almost or quite as energetically 
as does tho carbonate. If a few drops of a solution of one part of 
tho carlxmate to 437 of water (or 1 gr. to 1 oz.) Ik) added to the 
purple fluid which exudes from crushed tentacles, or to paper 
stained by lx)ing rubbed with them, the fluid and the paper are 
changed into a pale dirty green. •Nevertheless, some pnri)le 
colour could still 1)0 deb*cted after 1 hr. 30 m. witliin tlie glands 
of a leaf left in a solution of twice the alx)vo strength (viz. 
2 grs. to 1 oz.) ; and after 21 hrs. the cells of the pedicels close 
beneath tho glands still contained spheres of protoplasm of a 
fine purple tint. These facts show that the ammonia l^ad not 
entered as a carbonate, for otherwise tho colour would liavo 
been discharged. I have, however, sometimes observed, cRi)e- 
cially with the long-headed tentacles on the margins of very pale 
leaves immersed in a solution, that the glands as well as the 
upper cells of tho pedicels were discoloured ; and in these cases 
I presume that the unchanged carbonate liad been absorbed. 
Tho appearance above described, of tho aggregating process 
being arrested for a short time at each transverse partition, 
impresses the mind with the idea of matter passing downwards 
from cell to coll. But as the cells one beneath tho other 
undergo aggregation when inorganic and insoluble particles are 
placed on the glands, the process must be, at least in these 
cases, one of molecular change, transmitted from the glands. 
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independently of the absorption of any matter. So it may pos- 
sibly be in the case of tlio carbonate of ammonia. As, how- 
ever, the aggregation caused by this salt travels down tlie 
tentacles at a quicker rate tlian when insoluble particles' arc 
pla(X 3 d on the glands, it is probable that ammonia in some form 
is absorbed not only by the glands, but passes down the 
tentacles. 

Having examincid a leaf in water, and found the contents of the 
cells homogeneous, I placed it in a few drops of a solution of one 
part of the carlx)uate to 137 of water, and attended to the cells 
immediately beneath tlic glands, but did not use a very high 
power. No aggregation was visible in 3 m.; but after 15 m. 
small spheres of protoplasm were formed, more especially 
beneath the long-headed marginal glands; the process, how- 
ever, in this case took place with unusual slowness. In 25 m. 
conspicuous sphei*ical masses were present in the cells of the 
))cdiccls for a length about equal to that of the glands; and 
in 3 lirs. to that of a third or half of the whole tentacle. 

If tentacles with cells containing only very pale pink fluid, 
and apparently but little protoplasm, are placed in a few dro})8 
of a weak solution of one part of the carbonate to 4375 of 
water (1 gr. to 10 oz.), and the highly transparent colls beneath 
the glands are carefully observed under a high power, these 
may Ikj seen first to become slightly cloudy from the formation 
of numberless, only just perceptible, granules, which rapidly 
grow larger either from coalescence or from attracting more 
protojilasm from the surrounding fluid. On one occasion I 
choso a singularly pale leaf, and gave it, whilst under the 
microscope, a single drop of a sti'ongcr solution of one part to 
437 of water; in this case the contents of the cells did not 
become cloudy, but after 10 m. minute irregular granules of 
protojilasra could bo detected, which soon increased into 
in’egular masses and globules of a greenish or very pale purple 
tint; but these never formed perfect spheres, though incessantly 
changing their shapes and positions. 

With moderately red leaves the first effect of a soluiion of the 
carbonate generally is the formation of two or three, or of 
several, extremely minute purple spheres which rapidly increase 
in size. To give an idea of the rate .at which such spheres 
increase in size, 1 may mention that a rather pale purple leaf 
placed under a slip of glass was given a drop of a solution of 
one part to 292 of water, and in 13 m. a few minute spheres of 
protoplasm were formed ; one of these, after 2 hrs. 30 m., was 
about two-thirds of the diameter of the cell. After 4jhrs. 2 ^ m. 
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it nearly equalled the cell in diameter; and a second sphere 
about half as large as the first, together with a few other 
minute ones, were formed. After (J hrs. th(^ fluid in which tlicsc 
sphifces floated w’as almost colourless. After 8 hrs. 35 m. (always 
reckoning from the time when the solution was first added) four 
n()w minute spheres had appiiared. Next morning, after 22 hrs., 
tlicrc were, lK?sidcs the two largo siilieres, seven sniiillor ones, 
floating in absolutely colourless fluid, in w'hich some flocculent 
greeiiisli matter w'as suspended. 

At the commencement of the process of aggregation, more 
especially in dark red leaves, the contents of the cells often 
present a different ap]X5arance, as if the' layer of protojilasm 
(primordial utricle) which lines the cells had separated itself 
and shrunk from the Trails; an irregularly shajDed ])urple bag 
being thus formed. Other fluids, besides a solution of the car- 
bonate, for instance an infusion of raw mcat,‘'produce this same 
effect. But the a])i)caraii(;e of the primordial utricle shrinking 
from the w^alls is certainly false ;* for before giving the solution, 
1 saw on several occasions that the walls were lineil with colour- 
less flowing ]>rotoplasm, and after the bag-like masses were 
formed, the protoplasm was still flowing along the Tvalls in a 
conspicuous manner, even more so than before. It np] scared 
indeed as if tbo stream of protoplasm was strengthened by the 
action of the carbonate, but it was impossible to ascertain 
whether this was really the case.. The U'lg-like masses, when 
once formed, soon begin to glide slowly round the cells, some- 
times sending out projections which separate into littk) sj)hcrcs ; 
other spheres appear in the fluid surrounding the hags, and 
these travel much more quickly. That the small spheres are 
separate is often shown by sometimes one and then another 
travelling in advance, and sometimes they rcivolve round each 
other. 1 have occasionally seen spheres of this kind proceeding 
up and down the same side of a cell, instead of round it. The 
b^-likc masses after a time generally divide into two rounded 
or oval masses, and tlicso undergo the changes shown in figs. 7 
and 8. At other times spheres appear witliin the bags; and 
these coalesce and separate in an endless cycle of change. 

After leaves have been left for several hours in a solution of 
the carbonate, and complete aggregation has been effected, the 

♦ "With other plants 1 have caused by a solution of carl)OTmto 
often seen what appears to Ixt a of ammonia, us likewise follows 
true shrinking of the primordial from mechanical injuries, 
utricle from the walls of the cells. 
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stream of i)rotoi)l€asm on tlio walls of tlio colls ceases to be 
visible; I observed this fact repeatedly, but will give only one 
instance. A pale purple leaf was placed in a few drops of a 
solution of one i)artf' to ‘29‘i of water, siiid in 2 lirs. somc,.finc 
])urplc spheres were formed in the ui)))er cells of the pedicels, 
the stream of protoplasm round tlicir walls being still quite 
distinct; but after an additioniil 4 hrs., during which time 
many more sphercs were formed, the stream was no longer 
distinguishable on the most careful examination; and this no 
doubt was duo to the contained granules having become united 
with the spheres, so that nothing was left by which the niovc- 
iiicrit of the limpid pj-otoplasm could lie iKirceived. But minute 
free spheres still travelled ui) and down the colls, showing that 
there was still a current. So it was next morning, after 22 hrs., 
by which time some new minute splieros had been formed; 
these oscillated from side to side and changed their positions, 
])roviiig that the cuiTont luul not ceased, though no stream of 
proto])lasm was visible. On another occasion, however, a 
stream was seen flowing round the cell-walls of a vigorous, 
dark-coloured leaf, after it hswl lieen lel't for 24 hrs. in a rather 
stronger solution, namely, of one part of tlic carbonate to 218 of 
water. I’liis loaf, therefore, was not much or at all injured by 
an immersion for this length of time in the above solution of 
two grains to the ounce; and on lieing afterwards left for 24 hrs. 
ill water, the aggregated masses in many of the colls wore re- 
dissolvcd, ill the same manner as occurs with leaves in a state of 
nature when they re-expand after having caught insects. 

In a loaf which had been left for 22 hrs. in a solution of one 
part of the earlxmate to 292 of water, some spheres of pi-oto- 
plasm (formed by the self-division of a bag-like mass) were 
gently pressed beneath a covering glass, and then examined 
under a high iiower. They were now distinctly divided by 
well-defined radiating fissures, or were broken up into separate 
fragments with sharp edges ; and they were solid to the centre. 
In the larger broken spheres the central part was more opaque, 
darker -coloured, and less brittle than the exterior ; the latter 
alone lioiiig in some cases penetrated by tlie fissures. In many 
of the spheres tho line of separation between the outer and 
inner parts was tolerably well defined. The outer parts were of 
exactly the satae very pale purjilo tint, as that of the last 
formed smaller spheres; and these latter did not include any 
darker central core. 

From these several facts wo may conclude that when vigorous 
dark-coloured leaves are subjected to the action of carbonate of 
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ammonia, the fluid within tlie cells of the tentacles often aggre- 
gates exteriorly into coherent viscid matter, forming a kind of 
bag. Small spheres sometimes appear within this hag, and the 
generally soon divides into two or aiore spheres, which 
repeatedly coalesce and redivide. After a longer or shorter 
time the granules in the colourless layer of protephism, which 
flows round the walls, are drawn to and unite with the larger 
spheres, or form small indcj>endent s])heros ; these latter being of 
a much paler colour, and more brittle than the first aggregated 
masses. After the grannies of protoplasm have been thus 
attracted, the layer of flowing protoplasm can no longer be dis- 
tinguished, though a current of limpid fluid still flows round 
the walls. 

If a leaf is immersed in a very strong, almost coneentratid, 
solution of ciirbonato of ammonia, the glands arc instantly 
blackened, and they secrete copiously ; but ijo movement of the 
tentacles ensues. Two leaves thus treated became after 1 hr. 
flacx;id, and seemed killed ; all the cells in their tentacles con- 
tained spheres of protoplasm, but these were small and dis- 
coloured. Two other leaves were placed in a solution not (piite 
so strong, and there was well-marked aggregation in 30 m. 
After 24 hrs. the spherical or more commonly oblong masses of 
protoplasm became opaque and granular, instead of Iteiiig as 
usual translucent; and in the lower cells there wore only 
innumerable minute spherical granules. It was evident that 
the strength of the solution liad interfered with the completion 
of the process, as we shall see likewise follows from too great 
heat. 

All the foregoing observations relate to the exterior tentacles, 
which are of a purple colour; but the green pedicels of the 
short central tentacles are acted on by the carbonate, and by 
an infusion of raw meat, in exactly the same manner, with the 
sole difference tliat the aggregated masses are of a greenish 
colour ; so that the process is in no "way dependent on the 
colour of the fluid within the cells. 

Finally, the most remarkable fact with respect to this salt is 
the extraordinary small amount which suffices to cause aggre- 
gation. Full details will be given in the seventh chapter, and 
here it will be enough to say that with a sensitive leaf the 
absorption by a gland of of a grain (•000482 mgr.) is 

enough to cause in the course of one hour well-marked aggrega- 
tion in the cells immediately beneath the gland. 

Tlie Kffects of certain other Safts and tluids . — Two leaves were 
placed in a solution of one part of acetate of ammonia to about 
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14G of watur, and wore acted on quite as cncrgetiealJy, but 
perliaps not quite so (piickly, as by the carbonate. After 10 m. 
the glands were black, and in the cells btnieath them there were 
traces of aggregation jiwhich after 15 ni. was well marked, extend- 
ing down the teiitachis for a length equal to that of the glands. 
Afhn* 2 Ill’s, the contents of almost all the cells in all the ten- 
tacles woi-e broken up into masses of protoplasm. A leaf was 
immersed in a solution of one part of oxalate of ammonia to 
14G of water; and after 21 in. some, but not a conspicuous, 
change could be seen within tho cells beneath the glands. 
After 47 in. plenty of spherical masses of protoplasm were 
formed, and tlieso extemded down the bmtacles for about the 
length of the glands. This salt, thorofore, does not act so 
cpiiitkly as the carbonate. Witli rcsxiect to tho citrate of am- 
monia, a leaf was placed in a little solution of tho al>ovc 
strength, and there wjis not even a trace of aggregation in the 
cells beneath tlio glands, until .OG m. liad elapsed; but it was 
w'ell marked after 2 lirs. 20 in. On another occasion a leaf 
was placed in a stronger solution, of one part of tho citrate to 
109 of wat(;r (1 grs. to 1 oz.), and at the same time another 
hiaf in a solution of tho carbonate of the siimc strength. The 
glands of the latter were blackened in less than 2 in.> and 
after 1 hr. 45 m. tho nggregatod masses, which wore spherical 
and very dark-coloured, cxtendotl down all the tentacles, for 
between half and two-thirds of their lengths ; whereas in the 
leaf immersed in tho citrate the glands, after 30 m., were of 
a dark rod, aiid the aggregated masses in the cells beneath them 
pink and elongated. After 1 hr. 45 in. these masses extended 
d()^vn for only about on<j-tifth or one-fourth of the lengtli of the 
tentacles. 

Two leaves -were ijlacod, each in ten minims of a solution of 
ono part of nitrate of ammonia to 5250 of water (1 gr. to 
12 oz.), so that each leaf received of a grain (’1124 mgr.). 
This quantity caused all ‘tho tentacles to be inflected, but after 
21 hrs. tlioro was only a trace of aggregation. One of these 
same loaves was then placed in a weak solution of the car- 
bonate, and after 1 lir. 45 in. the tentacles for half their lengths 
showed an astonishing degree of aggregation. Two other 
leaves were then placed in a much stronger solution of one part 
of the nitrate to 146 of water (3 grs. to 1 oz.) ; in one of these 
there was no mai'ked chango after 3 brs.; but in the other 
there was a trace of aggregation after 52 m., and tliis was 
plainly marked after 1 hr. 22 m., but even after 2 hrs. 12 m. 
thero was certainly not more aggregation than would have fol- 
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lowed from an immersion of from 5 m. to 10 ni. in an equally 
strong solution of th(5 carbonate. 

liastly, a leaf was placed in thirty minims of a solution of 
Olio part of pliospJiato of ammonia to 48*750 of Avsiter (1 gr. to 
100 oz.), so that it received ,„\, 7 y of a grain (*04070 mgr.); this 
soon caused tlio tentacles to lie strongly inflected; ainl after 
lirs. tlio contents of the cells were aggiiigated into ovjd 
and irregularly globular masses, with a conspicuous current of 
protojilasm flowing round the avails. Out after so long an 
interval aggregation would have ensued, what(iver had caused 
inflection. 

Only a few other salts, besides those of ammonia, were tried 
in relation to the proe(3ss of aggregation. A leaf was ]ilaeed in 
a solution of one ])art of chloride of sodium to ‘21 S of water, and 
after 1 hr. the contents of the cells were aggregated into small, 
irregularly globular, brownish masses; these after ‘2 hrs. wens 
almost disintegrated and pulpy. It was cviileiit that the proto- 
plasm had been injuriously affected; and soon aft(‘rwards some 
of the cells a])pearcd quite empty. These ollecds diftbr alto- 
gether from those produced by the several salts of ammonia, 
as well as by various organic fluids, and by inorganic particles 
placed on tbo glands, A solution of tbo same strciiigth of car- 
bonate of soda and carbonate of potash acted in nearly the same 
manner as the chloride; and here again, after 2 lirs. 80 m., the 
outer cells of some of the glands had emptied themselves of 
their brown pulpy contents. AVe shall see in the eighth 
cliaiitcr that solutions of several salts of soda of half the alxivo 
strength cause inflection, but do not injure the leaves. Weak 
solutions of sulphate of quinine, of nicotine, camphor, poison of 
the cobra, &c., soon induce well-marked aggregation; whereas 
certain otlier substances (for iiistanco, a solution of curare) 
liavo no snch tendency. 

Many acids, tliongli much diluted, arc poisonous ; and though, 
as will 1)0 shown in the eighth chapter, they cause the ten- 
tacles to bond, they do not excite true aggregation. I’hus leaves 
were placed in a solution of one part of biiuzoic acid to 437 of 
water; and in 15m. the purple fluid within tlio cells had shrunk 
a little from tlio walls, yet when cjirefully examined after 1 hr. 
20 m., tlmre w'as no true aggregation ; and after 24 hrs. the leaf 
was evidently dead. Other leaves in iodic aedd, diluted to tlic 
same degi’co, showed after 2 hrs. 15 m. tlio same slirunkon 
appearance of tlie purple fluid within the colls ; and these, 
after 6 hrs. 15 m., were seen under a high power to be filled 
with excessively minute spheres of dull reddish protoplasm. 
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which by the next morning, after 24 lirs., bad almost dis- 
appeared, tlie leaf l)cing evidently dead. Nor was there any trut; 
aggregation in leaves immersed in propionic acid of the same 
strength ; but in this case the x>rotoplasm was eollecdiJfl in 
irregular masses towards the bases of the lower cells of the 
tentacles. 

A filtered infusion of raw meat induces strong aggregjitioii, 
l)ut not very quickly. In one lojif thus immersed there was ii 
little aggregation after 1 hr. 20 m., and in another after 1 hr. 
fiO III. With other leaves a considerably longer time was re- 
(piinid ; for instance, one immersed for 5 hrs. showed no aggre- 
gation, but was x^Iairriy acted on in 5 m., when placed in a few 
drojis of a solution of one part of carlionato of ammonia to 14t) 
of water. Some leaves were left in the infusion for 21: hrs., 
and these became aggregated to a wonderful degree, so that 
the inflected tentacles xirescntcd to the naked eye a plainly 
mottled a])pearaTice. The little masses of imrple xirotoplasni 
were generally oval or beaded, and not nearly so often spherical 
as in the case of leaves subjected to carbonate of ammonia. 
They underwent incessant changes of foiin ; and the current of 
colourless protoplasm round tho walls was conspicuously ])lain 
after an iimriersion of 25 hrs. Jlaw meat is too ijowerfnl a 
stimulant, and evcni small bits gciKu-ally injure, and sometimes 
kill, tho loaves to which they are given : tho aggregated masses 
of iiroto])lasm become dingy or almost colourless, and jiresimt 
an unusual granular appearance, as is likewise tho case with 
leaves which have been immersed in a very strong solution of 
carbonate of ammonia. A loaf placed in milk had the contents 
of its cells somewhat aggregated in 1 hr. Two other loaves, 
one immersed in human saliva for 2 hrs. 30 m., and another 
in unlioiled white of egg for 1 hr. 30 m., were not acted on in 
this manner; though they undoubtedly would have been wi, 
had more time been allgwed. These same two leaves, on lieiiig 
afterwards placed in a solution of carlionate of ammonia (3 grs. 
to 1 oz.), had their cells aggregated, the one in 10 m. and tin- 
other in 6 m. 

Sevcrdl leaves wore left for 4 hrs, 30 m. in a solution of one 
jiart of white sugar to 146 of water, and no aggregation ensued ; 
on being placed in a solution of this same strength of carbonatt^ 
of ammonia, they wore acted on in 5 m. ; as Was likewise a leaf 
which had been left for 1 hr. 45 m. in a moderately tliick solu- 
tion of gum arabic. Several other leaves were immersed for 
some hours in denser solutions of sugar, gum, and starch, and 
they had the contents of their cells greatly aggregated. This 
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cflei't limy be iitlribiiled to oxosmose; for the loaves in tlic 
synij) beiwiio (luite flaecid, and ihoso in the sum and standi 
somewhat flaccid, with their teiitaidcs tjWisted alKuit in the 
most irresular iiiaiiiier, the loiiser ones like corkscrews. W’^c 
shall hereafter see that solutions of tliese substances, wlien 
placed on the discs of loaves, do not incite iiifleotion. Particles 
of soft sugar wore added to the secretion round several glands 
and were soon dissolved, causing a great increase of the secre- 
tion, no doubt by exosuiose; and after 24 hrs. the cells showed 
a eerlaiii amount of aggregation, though the tcntaidos were 
not infli-'cted. (jlyccriiic causes in a few minutes well-pro- 
nouiiced aggregation, commencing as usual within the glands 
and then travelling down the teiitaclt‘s; and this 1 presume 
may be attributed to the strong altracdion of this substance 
for water. Iiiimcrsioii for several hours in water causes some 
degree of aggregation. Twenty leavi'S \l^erc first carefully 
examined, and re-(3xaiujncd after having been left iiiiinorsed 
ill distilKjd water for various ]H*riods, witli the following results. 
It is rare to find even a trace of aggregation until 4 or 5 
and generally not until several more liours have elapsed. 
When however a leaf lieeomos quickly inflected in water, as 
sometimes happens, os])ecially during very warm weather, 
aggregation may occur in little over 1 hr. In all cases 
leaves left in water for more than ‘it hrs. have their glands 
blackened, wliicJi shows that their contents arc aggregated; 
and in tlio sjKicimons whicli were carefully examiued, there 
wits fairly well -marked aggregation in the up^x*!* ciills of the 
]jedic(3ls. Tlieso trials w’lu-o made with cut-off leaves, and it 
occurred to me that tin's circumstance might influence the 
result, as the footstalks would not piJi-haps absorb water quickly 
enough to sujiply the glands as they continued to secrete. 
Kilt this view w^as iiroverl erroneous, for a plant with uninjured 
roots, bearing four leaves, w\as subnKsrged in distilled water for 
47 hrs., and the glands wore blackened, though tlie tentacles 
wore very little* inflected. Tn one of thi‘sc leaves there was only 
a slight degree of aggregation in the tentacles; in the second 
rather more, tlic pnrjilo contents of tlic cells being a little 
se])iirated from the w^alls ; in the third and fourth, wdiich were 
])ale leaves, the aggregation in the njijier ])arts of the ])edicels 
was well marked. Tn these loaves the little masses of proto- 
plasm, many of whicli were oval, slowly changed their forms 
and positions; so that a suhniergcncc for 47 hrs. had not killed 
the protoplasm. In a previous trial with a submerged plant, 
the tentacles w'ere not in the least inflected. 
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TIcat induces aggregation. A leaf, with the cells of thr 
tentacles containing only homogeneous fluid, was waved about 
for 1 in. in water at UMP Fahr. Cent.), and was then 

(jxaniined under the* inicroscopo as quickly as i)osaible, tJiat 
is in m. or 3 m. ; and by this time the contents of the 
cells had undergone some di*gi*(je of aggregation. A second h*af 
was waved for *2 m. in wattn* at 125'^ (5P G Cent.) and (iuickly 
examined as before; the tenbicles were well inflected; the 
j)nrplo fluid in all the cells had shrunk a little from the walls, 
and contained many oval and elongated niass(‘s of protoplasm, 
with a few minute spheres. A third leaf was left in w^ater ,at 
Ifl.Y, until it cooled, nnd when e.xamined after 1 hr. 45 m., the 
inflected tentachis showed some aggregation, wfliich became 
afttjr 3 hrs. more strongly marked, but did not subsequently 
increjise. Lastly, a leaf was waved for I m. in w^ater at 
(bS'\S (Vnt.) and tJieu left for 1 hr. 2b ni. in cold wafer; the 
tentacles w^ero but little inflected, and there was only here and 
there a trace of aggregation. In all these and other trials 
with w'arni water the protoplasm show'ed much less tendency 
to aggregate into spherical masses than wlnni excited by car- 
bonate of ammonia. 

of th: Aij^i'etjubd J/i/.s’x.s* of Prutaithtaui , — As s'Oon 
as toiita.cles wliieli have clasped an insect or any inorganic, 
object, or have been in any w^ay excited, have) fully re-ex ]>andcd, 
the aggregated masses of iwotoplasni arc redissolved and dis- 
ji[jpetir ; the cells being now’^ retilled with homogeneous purphi 
fluid as they were Ixjforo the tentacles were inflected. Tin* 
process of redissolntiou in Jill cases eoinmcncos at the bases of the 
tentacles, and proceeds up tliem towards the glands. In okl 
leaves, however, especially in those which have been several 
timt's in action, the protoiflasm in the ni)permost cells of thif 
pedicels remains in a ]3crmaneiitly more or Joss aggregated con- 
dition. Ill order to observe the process of rodissolutioii, the 
following observations w*cro made : a loaf was left for 24 hrs. in 
a little solution of one j)art of carhoiiate of ammonia to 218 of 
water, and the protophiMii was as usual aggregated into number- 
less i:)ur 2 )le siihorcs, which were incessantly changing their 
forms. The leaf was then washcil and i)hiced in distil Iccl wrater, 
and after 3 hrs. 15 in. some few*^ of the spheres began to show by 
their less clearly defliicd edges signs of redissolution. After 
9 hi*s. many of them had become elongated, and the surround- 
ing fluid in the cells was slightly more coloured, showing 
plainly that redissolution hiul coinincnccd. After 24 hrs., 
though many colls still contained spheres, licre and tlierc one 
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(*oul(l 1)C seen filled with purple fluid, without a vestif^o of 
aj^gregated protoplasm ; the wliolc having hecii reilissolvod. A 
Ii'sif with aggregated masses, caused by its liaviiig been waved 
for 3 m. in water at the teiniKjrature of Fahr., was left in 
cold water, and after 11 hrs. the protoplasm showed traces 
of incipient redissolution. When again examined three days 
after its iniinorsion in the wami wat(;r, there was a e()iis])iciKnis 
diftereiico, though the proto])lasin avms still soim^what aggre- 
gated. Another leaf, with the contents of all the ccills strongly 
aggi’ogated from the action of a weak solution of ijhospliato of 
:ininioni:i, was left for l)etwcen three and four days in a mixture 
(known to .be iiniocnous) of one drachm of al(H)lK)l to eight 
drachms of water, and when rc-examined every lr^l(^o of aggre- 
gation had disapi)eared, the cells being now filled with homo- 
geiKJOUs fluid. 

Wc liave seen that leaves immersed for sonio hours in dense 
sohitioiLS of sugar, gum, ami starch, have the contents of their 
c(?]ls greatly aggn^gated, and are rendered more or less flaccid, 
witli the tentacles irregularly contorted. These loaves, after 
iH'ing left for four days in distilled water, became less flaccid, 
with their ten tackles partially ro-cxi)anded, and the aggi*e- 
gated masses of proto))lasm wore ])artially retlissolved. A leaf 
with its tentacles closely clasped over a fly, an«l with the con- 
tents of the cells strongly aggregated, was ]>lac(Hl in a little 
sherry wine; after 2 lirs. several of the tentacles had re- 
expanded, and the others could by a mere touch l»c ])nsh(;d hack 
into their propcjrly cxj)anded positions, and now all traces of 
aggregation had disappeared, the cells being til led with perfectly 
homogonoons [)iiik fluid. The redissolution in these cases may, 
1 presume, be attributed to ondosmoso. 


On the Proximate Causes of the Process of Aggregation, 

As most of tbo stimulants wliicli canso tlu' inlloction 
of the tontaclos likewisii iudue.o aggn^jjation in the 
<*ofitents of their erjlls, this latter ])roe(Jss iiiigJit l>o 
tliought to be the direct n^sult of iiillocdioii ; but this 
i.s' not the case. If leaves are placed in ratlier strong 
solutions of carbonate of ammonia, for instance of 
tlirce or four, and even sometimes of only two grains 
t«) the ounce of water (i.e. on(‘ part to lOD, or 146, or 
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2J8, of wjitor), tlio tciitsiolos aro paralysc'd, and do not 
Iktoiik^ inflcot(‘d, y('t th(»y soon exliil)it strongly 
inarkc'd a<^^r(*«:a<^‘on. ^Forc^ovor, tlic short central 
t(‘nt.aclcs of a leaf wJiicli lias been immersed ifl a 
weak solution of any salt of ammonia, or in any 
nitro|^enons or<:;anic fluid, do not hoi.'onio in the least 
inflc'cted; nev(‘rtlH*l(\ss they oxliihit all the iiheiio- 
m(?na of a-^^n'pition. On tin? other' liand, several 
acids caiisci stronj^ly pronouiKMMi inflection, hut no 
a^p^re^ation. 

It is an inijiortant faet that when an organic or in- 
organic ol>j(‘c.t is plac(‘(l on the glands of the disc, 
and the (‘xt(‘rior tentacles are tluis eaiiS(Ml to hend 
inwards, not only is the seertlion from the glands of 
the Iattt‘r in(*reas(3d in quantity and rend(‘red aeid, 
hut lh(5 eoiitents of the ecdls of their pc'dicels l)(‘coim‘ 
aggn'gated. T\w proec'ss always (*oinm(Mices in tin* 
glands, although theso liavo not as yet touched any 
(d»ject. SoiiKi for(?t3 or inUneiice must, therefore*, lu* 
traiismitt(*d fr<»m tin* central glands to the exterior 
tentacles, lirst to near their has(*s causing this part to 
head, and n(‘xt to the glands causing them to secr(*te 
more c.o])iously. Afti*r a short time the glands, thus 
iudinfdly excited, transmit or reH(*ct some influein*c 
down tln*ir own pcdic<*ls, inducing aggregation in cell 
henealli cell t(» th(*ir hasc*s. 

ft s(‘(*ms at first sight a jirohahio view that aggrega- 
tion is due to tin* glands being (*xcit(*d to s(»cret<i more* 
<*o[)iously, so that sufficient fluid is not left in their 
cells, and in th(3 cells of tluj pedie(*ls, to hold tin* 
proto]dasm in solution. In favour of this view is the 
fact that aggr<*gatioii follows tlie inflecftion of the 
t('ntac]ca, and during the, movc'iiieiit the glands gener- 
ally, or, as I heli(}ve, always, seercito more copiously 
than they did hefon?. Again, during the re-expansion 
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of tho tontaclcs, tlu' srlaiuls sorreto l(\ss frooly, or quite 
cease to socrett', and tlie ajij^re^atc'd nuissos of ])roto- 
plivsm arv. tlien nMlissolvt'd. 3[(»r(*ov(*r, wlicii heaves 
arc iiiimorsed in dense vejj^otaide solutions, or in 
<?lycorin(‘, the fluid within the ^land-e(‘lls passes out- 
wards, and there is ajrfirefration ; and when tlu^ leav<‘s 
are afterwards. iinmers(‘d in water, t>r in an innocuous 
fluid of less s])eeific gravity tlian water, tlie protojilasm 
is redissolved, and this, no doubt, is due to endosinose. 

Op])osed to this view, that a<rgre{ration is c.aus(‘d by 
the outward ]iassa<r<^ of fluid from tin*, ecdls, an^ the 
following facts. 1Mi(*re seems no (dosc^ relation between 
the di'gree of increased secrcdion and tliat of aggn*- 
gation. Thus a particle of siifrar add(*d to tlu^ sei*re- 
tion round a glaml <,*auses a iun(*h greater incr(*as(< of 
seeretion, and much less aggregation, than do(‘s a 
parti(de of earbonabi of ammonia given in the same 
manner. It does n<»t appear probable tluit punj wat(‘r 
would cause inu<?h exosmose, and y(‘t aggregation 
oft(*n follows from an immersion in water of ))etwei*n 
Hi hrs. and 24 hrs., and always after from 24 lirs. to 
48 hrs. Still less prol»abhj is it that wat(*r at a tempe- 
rature of from J2iT to Fahr. (oF-fl to W' l (*(‘nt.) 
should cause fluid to pass, not only from tlui glands, 
but from all the cells of the tentacl(.‘s down to th(‘ir 
bases, so quickly tlnit aggregation is induc(‘d within 
2 m. or o in. Another strong argument against 
this vi(iw is, that, aft(T complete aggr(*gation, the 
spheres and oval masses of protojdasm float about 
in an abundant supply of tliin colourh'ss tluid; so 
that at least tho latter stages of the process cannot 
be due to the want of^fluid to hold tho protoplasm 
in solution. ^J'here is still stronger evidence that 
aggregation is independent of secrcjtion; for thcj ]>a- 
pilla;, described in the first chapbT, with which the. 
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l(«iv(‘s iir(i studded are not glanduLir, and do nut 
seer(‘to, yet they rapidly absorb earbonati* ot aiuinoiiia 
or an infusion ofi raw in<‘at, and tlu‘ir eontcjuts tli(*n 
<|uielvly undergo aggn^gation, wliudi afterwards s])reads 
into tli(i e(d]s of tli<) surrounding tissues. AVe sliall 
hcnvaftcT s(h^ that tlie purjile Iluid within tlu^ s(‘nsi- 
tive filaments of JJiona;a, whieh do not seen^te, like- 
wise undergoes aggregation from the action of a W(*ak 
solution of carbonates of ammonia. 

Tlie process of agg 5 |i‘gation is a vital one ; by which 
r mean that the eonbuits of the cells must lx* alive 
and uninjured to be thus aflcctcd, and tliey must be in 
an oxygenatiMl romlition for the transmission ot* the 
])rocess at the projxw rat(‘. Home tmitacles in a 
drop of water W(*r(» strongly jwessed bemsilli a slij) of 
glass; many of the c(*lls w(T(^ rupturcMl, and i)ul[)y 
matt(‘r of a purple colour, with granides of all siz(‘s 
and shapes, exuded, but hardly any of the ctdls w(‘r(^ 
eompl(‘t(‘ly emptit'd. T then addcMl a ininutx* drop of 
a solution of one part of carluaiato of ammonia, to 
10b of water, and after 1 hr. exaniiin'd the specimens. 
Here and th(*re a h'w cells, Ixith in the glands and in 
the pedicels, had (*scap<Ml being rupfured, and tludr 
contents w(T(i W(dl aggnjgah'd into spheres which wcu’e 
constantly changing their forms and ]>ositions, and a 
current could still Ix^ seen flowing along the walls; 
so that th(' ])roto[)laAm was aliv('. On the otlun* hand, 
the exude<l matter, which was now almost colourless 
inst(^ad of being purjih*, did not exhibit a trace of 
aggn*gation. Nor was then' a trace in thi‘ many 
cells which w(‘rt> ruptured, but whieh had not bt‘en 
comph*t(‘ly emptied of their c,ontmits. ^riiough 1 
lookcxl (carefully, no signs of a current could be seen 
within these ru])tur(Ml (tells. They had evidimtly been 
killed by the pressure ; and tint matter which they 
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Still foiifeuiic'd (lid not und(‘r^o acffriv^itioii any more 
than that whhrh liad oxud(Ml. In th('S(» sp(xn*in(‘ns, as 
I may add, the individuality of th(\lito of c^ach (vll 
wasVidl illiistrat(‘d. 

A full ac(*oiint will be ^iven in tin* next (*lia|»t(‘r of 
tlie efteets of ]n\‘it. on tlio leav(ss, and 1 jj(*(‘d h(*r(» only 
state that leav(‘s imin(‘rs(Ml for a short tiim* iii^watc*!* at 
a t(.‘nipei*atnr(» of 121^ Falir. (AH ’S (.\‘nt. ), which, as w(* 
have scnai, do(\s not imnuMliatidy induces a'rj^rc^atbm, 
were then jdaced. in a fiiw drops of a strong sedation 
of one part of carbonate' of amnLoiiia to 1 01) of watcT, 
and b(‘(*ain(' linely ajrj^re^ated. On tin? otlua* hand, 
leav(‘s, after an immersion in wab'r at loO' ((io '-o 
(Vnt.), on beino; plac(‘(l in tlie sana' stron*; sulation. 
did not iinderf^o a^}^r(‘gation, tbe eadls bi'comin^ Jilh'd 
witli brownish, ptilj*)', or maddy matten*. With h*av(*s 
sabject(Ml to t('mp(*ratares b('tw('(‘n th(‘se two extnaaes 
of 120" and 150" Fahr. (ISSS and <;5"-5 (.Vnt.), fheiv 
were ^radatiems in the completcaK'ss of tla^ ])roc(‘ss ; 
tlm former temperatan? nut jm^vtaitia^ a^^n'^atioii 
from the sabseepient action of carbonate of ammonia, 
th(i latter quite sto])])in^ it. Thas, leav('s immers(‘d 
in wat(‘r, la^ate'd to 150° (o P’ l (Jent.), aad th(*n in tlu' 
solution, fra’iaed p('rf(*(.;tly (hdiimd splu'res, btit these 
were decidedly smalh^r than in ordinary cases. With 
other lea-V(;s lujatcjd to IdO'" ((Ur Cent.), tlu^ sph(*r(*s 
were extremely small, yet wtdl dc.fined, but many of 
th(^ (;(3lls contaiiKMl, in addition, some brownish pulpy 
matter. In two cases of leaves lu'atcd to 145" (()2"“7 
Cent.), a ft^w hintacles could 1x3 foand with some of 
their c(ills containiiij^ a few ininahi s])h('res; whilst 
the ( 3 th(‘r (icdls and otlujr whoh', hiutach's included 
(July the brownish, disintegrated or l^ulpy matt(‘r. 

Th(3 llaid witliin the cells of tin' t('nta(d('S must 1x3 
in an oxyg(*nated (condition, in order that the force or 
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iiiflu('nc(^ wliicli indiiwss should ho trails- 

)iiitt(‘d at th(^ projK'r rato from ooll to cell. A plant, 
with its roots in ^vator, wns loft for do in. in a voss(‘I 
containini>: 122 oz. of carkniio aoid. A l(*af from fliis 
jdant, and, for com pari son, one from a fn;sh ])hmt, wore 
l)oth iinnicrsod for 1 hr. in a ratlnu* strong solution 
of carhoniito of ammonia. They W(*re then compared, 
and ctM*tainly there* was nnudi ](*ss ap^re'gation in the 
leaf which had heem siihject(‘d to the* e*arhe)nie* aedd 
than in the* e)the*r. Aneitheu* jdaiit was expejse‘d in 
the same) ve\ssel for 2 firs, tei carl)e)nie* ae'id, and one of 
its ]i*ave"s was the*!! ])IaeM‘el in a seilutiem e)f emo ])art of 
the e^arheniate Ut do? e»f wate*r; tlio ^lanels we*ro in- 
stantly hlae*kene.*e1, slienvinjif tliat the.'y Inul ahse»rlK*d, 
and tliat thedr cemtents we*re a;rj^ro.^ate*d ; hut in the 
e*ells ede)se hene.ath the.' ^lanels the*ro was no ap^ro- 
pitiein eve*n a.fter an inie*rvaJ eif Jlhrs. After 4 hrs. 
lo m. a few minute siilu're's of ]>re)te>plasm were fe)rin(‘el 
in the*se e*ed]s, hut (ueii aften* 5 hrs. m. the*. a<>jgre- 
gation diel ned. extemd deiwn the [)eelie*e*ls feir a le*ngth 
f'cpial tei that e)f the glands. Afte*r nuinhe*rless trials 
with fre'sh h'ave'S imnu*rse*el in a seJutiem of this 
stre'ugth, I have' neve*r se*e*n the aggregating ae*tiem 
transmitte*el at ne'arly se> sleiw a rate. Another pL*int 
was h'ft for 2 hrs. in carhemie^ aciel, but was tlien 
e'Xjieiseel feir 20 m. te) the-^ eipen air, during whie-h time* 
the! h'aves, heung of a re'd ce>lemr, weuild have ahse)rh(*el 
seime oxyge*n. One* eif theun, as we'll as a fresh leaf 
for e'ompariseui, we.'ro now ininie*rse‘d in the same sedu- 
tion as hefen-e*. The* feirnier were loeikeel at rojieatedly, 
anel afte*r an iute*rval of (Ul m. a few sj)here*s of 
])re)toplasni were! first ohs(*rve*d in the cells e'leise he- 
noath the glands, but only in tw’o or three of the 
leinger tentacles. Aftc^r .‘1 hrs. the aggre'gation had 
travelled deiwn tluj jieelicels of a few of the temtaeles 
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for a length equal to that of the glands. On the other 
hand, in the fr(*sh loaf sinularly treated, aggri'gatuni 
was ])laiii in many of the tentacles jiftc'r loin.; after 
Oo in. it liad (‘xtendecl down the ])edie(‘Js for four, live, 
or inon^ times the lengths of the glands ; and after 
o hrs. tiu' cells of all tli(5 tentacles were* allected for 
one-third or one-half of their entire lengths, lienee 
tln^re can he no doiiht that the exposure of hnives to 
ertrhonie acid (uth(»r stojis for a time' the process of 
aggn'gation, or ehc(*ks the transmission of tin* ]iroper 
inttuenc-e when tin* glands are suhsi*quently c*\cited 
by carbonate of ammonia: and this substances aeds 
more prom])tly ainl einTg«*tically than any other. It 
is known that the protoplasm of ]ilants (exhibits its 
spontaneous movements only as Jong as it is in an 
oxygenat(*d condition; and so it is with the wliib* 
corpus(d(‘S of the blood, only as long as they r('ceiv(> 
oxygen from the red coiqaiscrles but the c.as(‘s above 
given are somewhat difterent, as they relate to tlu^ 
delay in tln^ gein'ration or aggr(*gation of tln^ masses 
of proto])lasm by the exclusion of oxygen. 

Summary and Conchuliny llnnarls, - -T]u} ])ro<;ess of 
aggregation is indepeinlent of the inflciction of the 
tentacles and of iiutnjased seen ?t ion from tlui glands. 
It commences within the glands, wludher tliese have 
been directly excited, or indir(*<;tly by a stimulus 
r(a;eived from oth(*r glands. In both cases tluj pro- 
c,ess is transmitted from cell to cell down the whole 
length of the t(*nta(des, b(»ing arresbid for a short 
tiimi at ea(th transverse partition. With pal(M5olonr(Ml 
leaves the iirst c.hange which is perc(q)tiblo, but only 

* With respoot to plan trt, Sachs, ‘Quarterly Journal of Micro- 
‘Traitu ilo Jlot.,* Jnl itlit., 1874, hcopical iScionc*;,’ April 1874, p 
p. 804. Oil blooil corpuKcloH, hco 185.* 
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iindor a hv^h. i)()\vor, is the appearanco of tlio finest 
«*rannlos in the Unid Avithin the cidls, inalvinpj it 
slightly cloiKly. iTliese gmniiles soon n^^n^gato jinto 
small <*lohnlar masses. 1 have seen a cloud of tliis 
kind a[)j)ear in 10 s. aft(‘r a drop of a solntioii of car- 
l)onat(^ of ainnioiiia had been ^iven to a ^land. AVith 
dark rial kaw's tlie lirst visibh? ekan^(‘ often is the 
eonv<Tsion of tlio oiit('r layer of the fluid within the 
cells into baj^-liko masses. Th(^ a^^^rre^^aled masses, 
how(‘ver they may have been devc*lo])(‘d, ine(.‘ssantly 
clian^(‘ their forms and positions. Tluiy are not filhal 
with fluid, but are solid to their centre's. Ultimately 
th(j ( 5 olourh^ss i^ranules in the ]>rotoplasni which flows 
round the. walls coah'scc' with the central si)h(T('s or 
niass(‘s; but then) is still a current of lim]U(l fluid 
llowinj^ within tlio ci'lls. As soon as the tentacles 
fully ro-expand, the a^j^regated masses are rcalis- 
solved, and the. cells become filhkl with homog(‘neous 
l)urpl (3 fluid, as tlu'V were at first. The ]iroeess of re- 
dissolution (!oium(*nces at the base's of the b'ntach's, 
thence proceedin’^ upwards to the j^lands; and, there- 
fon', in a reversed direction to that of a^gn'*ration. 

A^*]fre’>:ation is excited by the most div('rsilii'd 
eausi's,-- by the j^lands Ixung several times touched, — 
by tlu^ pressure of particles of any kind, and as thi'se 
are su[)[)ort«'d by the (h'lise secretion, tlu'y can hardly 
pri'ss on the ji^landjl with the Avc'i’i:]it of a millionth of 
a jijrain,* — hy the tentacles beinj^ cut oil* (dose hciu'alh 


* Acrortliiipf to llofmoiHtcp (ns 
(piotra by SufliH, ‘Tmitc' (b* Bot/ 
1874, p. 958), very sli^Iit pres- 
sure on tlio eell-iiieinbriine arrests 
hiiim'diiiteiy tlio iiiovoiiionts of 
llio jirotopiasin, ami ovoii doter- 
miiios its He]>aration from the 
walls. But the process of aggre- 


gation is a different phenomenon, 
as it relates to the eontents of the 
eelis, uiiil only siHioiidariJy to the 
layer of ]>rotoplasm W’liieli flows 
along the walls ; though no doubt 
the effects of pressure or of a 
toiieh on the outside must be 
transiuitted through this layer. 
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tlw o-I.-iihIs, — Ity tho fj^Lunla nhsorl)ing Viirioiis /IiiiMs or 
iiiatftT dissolved outof ecTtaiii bodies, -by (*xosinose, — 
aud by a e(*rtaiii d(‘^reo of las-it. On tlu' otlier Inind, 
a teinporatiiro of about lilO*’ Faliv. (bO'-r) does 

not excite ; nor dot^s the sudden erusliinii^ 

of a jjfland. If a eell is ruptunMl, neitluu- the exuded 
matbu- nor tliat wliieh still remains witliin tin* e(‘II 
under«i^oes a^^re^ation when earljouatt^ of ammonia is 
added. A Y»‘ry stnmjj: solution of this salt and rather 
larj^e bits of raw meat prciV(‘nt the ap:gre<jat(*d masses 
bein<i^ W(dl developed. From these faets Wl^ ]nay eoii- 
<dude that the protoplasmic; fluid within a ecdl does 
not bec'ome aggre<i:ated unless it be in a living state, 
and only inip(Tf(‘(;tly if the? ec*!! lias Ixjcm injurcMl. Wc* 
have also seen that the fluid must be in an oxygen- 
ated state*, in carder that the; jiroeoss of aggre^gation 
should travc*! from coU. to eell at the jirojxT rate*. 

Various nitrogcMious organic fluids aud salts of am- 
monia indiK'e aggregation, but in dilleroiit dc'grees 
and at very difleront raf<*s. Carbonate of ammonia is 
tho most powcu’ful of all known substances; the ab- 
sorption of yj-,', „„ of a grain (*000482 mg.) by a gland 
suilic;es to cause all the ccdls of the same teiitacdc; to 
become; aggregatcMl. 14ie first cftee.t of the carbonate; 
and of certain othe;r salts of ammonia, as we*ll as of 
some other fluids, is the darkeaiing or blackeaiing of 
the glands. This follows e;von from long imme‘rsion 
in cold distille;el water. It aj)]>areaitly de^peaids in 
e;hief part em the; strong aggre;gation of the*ir e;e‘ll- 
(;oiitouts, whie;h thus become opae|ue, and do not 
reflect light. Some othea* fluids reaiele^r the; glands of 
a brighter red ; whilst certain acids, though much 
diluted, the; poison of the cobra-snake;, e!k(;., make the 
glands jicrfcctly white and opaepie ; and this see;ms to 
elepcnd on the coagulation of their contents without 
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any a.ir^>fn‘^iitioii. ^fovc^rtholt^ss, hefon; l)(4iiii; tlnis 
aflbctiMl, tliry arci'iblo, ut least in sonic eases, to (‘xeite 
a^«;r(*<j;ation in tlrjir own tentaeles. 

Tlnit tin* ceiiti'al ^laiiils, if irritated, s(‘nd eentri- 
fni!;ally some iiilliK'nec to tln^ exterior glands, causing 
tli(‘in to send hack a einitri petal influence indneinir 
•i.r<rn‘*^ation, is perliajis tlie most intcrestinj^ fa(d f«;ivi‘n 
in this eha]it(n\ lint tlwj whole pro(!(?ss of a^^refi:a- 
tion is in itscdf a striking plienomenon. Whem^yer 
the. [Kniplieral extremity of a nerve iii toindn^d or 
im'sstid, and a scaisation is felt, it is ludieved that an 
invisihhj nioleenlar elian<i:o is sent from on(>! end of tlu^ 
nerve to tlie otli(‘r; hut when a fi^land of Drosera is 
rejMjatedly tonehed or i^ently pressed, we can acrtiially 
seci a niohnadar elian^e proe(‘edin*i; from the "land 
<lown the. tenta(*h*. ; though this elian^e is prohahj^ of 
a very dillermit natures from that in a mu*ve. Finally, 
as so Jiiany and sueJi whhdy diilerent causes <‘X(!li<‘ 
aggregation, it would appear that the Jiving mattcu 
within the gJand-c(dis is in so unstable a eondition 
that almost auy disturbance suiliecjs to change its 
molecular naturi', as in the ease of certain chemical 
com])onnds. And this change in the glands, whether 
(‘xcited directly, or indirectly by a stimulus rcjceived 
from otli(*r glands, is transmitted from cell to cell, 
<*ausing granules of protojdasm (uther to bo actually 
g(in(u*ated in the javviously limpid fluid or to coalesia* 
and thus to become visibh'. 

finppltmeniarij Ohnervations on tlie Process of Aggre^^ 
gation in the Roots of Plants. 

It will hereafter bo seoii that a weak solution of the car' 
bouato of ammonia iiulnees aggregation in the cells of the roots 
of Drosera ; and this led me to make a few trials on the roots 
of other plants. J dug up in the latter part of Octolwr the. 
first weed wliich I met with, viz. Evj^horhia i)epluiiy being care- 
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fill not to iiijun) the roots; tliesc wore washed and j>l{i(*ed in a 
little solution of one ])iirt of c{irl>onate (tf aninionitt to MG of 
water. In less than one ininiite f saw a cloud travelling from 
(vll to cell up the R)ots. witlMvonderfnl la]>i(lity. After from 
8 m. to 9 m. the tine ^oaniiles, which caused tJiis cloudy ai)j)ear- ^ 
auce, becanui air;;rogated towards the extroiiiitics of tho roots 
into quad ran j;nlar masses of brown matter; and some of these 
soon chanp;ed their forms and became spherical. Some of tho 
cells, however, remained unaffectecL 1 roj)eated the ex])eri- 
iDciit with another plant of tlio same species, but Ixjforo 1 could 
get ibo spoeimen into focus under the microscoix.?, clouds of 
granuhis ami (ina<lrangnlar masses of rcildish and brown 
matter were farmed, and bad run tar u]> all the roots. A fiesh 
root was now left for 18 hrs. in a drachm of a sol nt ion of one 
part of the carbonate to 487 of water, so that it received ^ of 
a grain, or 2 0124 mg. Wluai exaimhiod, ^ic cells of all the 
routs thronglioiit tlieir whole! lengtli contained aggregated 
masses of renldish and brown matteir. Jleforo making these 
experiments, sovenil roots were closely examined, and not a 
tni^o of the (iloinly appearance or of tlio granular masses could 
bo seen in any of them. Itoots were also iminei*sed for 85 ni. 
in a solution of one part of carl)oiiate of potash to 218 of water; 
but this salt prodiuxd Jio eftect. 

1 may hero add that thin slices of tho stem of the Euphorbia 
wore placed in tlio same solution, and the colls which were 
gremi instantly became cloudy, 'whilst others whicli \verc before 
colourl(!SS wer<! clouded with brown, owing to the formation of 
iiiinuiroas granules of this tint. 1 have also seen with various 
kinds of leaves, h^lt for some time in a solution of carbonate of 
ammonia, that the grains of chloroj)hyll ran togctluir and 
partially coalesced; and this seems to bo a form of aggregation. 

Plants of dnek-weed (Lemua) wcix? left for between 80 m. and 
45 m. in a solution of one part of this same salt to 14C of water, 
and ihret! of tlieir roots wore then examined. ]n two of them, 
all tho cells which had previously contained only limpid fluid 
now includeil little green spheres. After from li hr. to 2 hrs. 
similar spheres appeared in the cells on tho liorders of the 
leaves; but wlujther the ammonia had travelled u]) the roots or 
had been directly absorbed by the leaves, I cannot say. As one 
species, Lunma arrhim, prodiujcs no roots, tluj latter alternative 
is perhaps the most probable. After aliout 2i hrs. some of the 
little green sjihercs in tho roots were broken up into small 
granules which exhibited Brownian movemoiits. Some duck- 
weed was also left for 1 hr. 80 m. in a solution of one part of 





DROSERA ROTUNDIFOLIA. 


Chap. IV. 


«() 


CHAPTER TV. 


The Effects of IIkat on the TiEAVEfl. 

Xiitupo of tlio expprimonta — EfTocts of wator — Wsirin water 

canoes rapid inflection -Water at a liij'lier ti*inpenitiiro iloes not 
caiiK(> ininiediato inflection, Imt does not kill the} leaves, as shown 
hy their siihsequeiit re-c*xpansiou aind by the af'j^n.'.i^atioii of tlie 
protoplasm — A still hij'her temperature kills tlnj leaves and 
coii^ulutes tho albuminous contents of the glainls. 


ly my ol)soi*vatujns on Drosera rotundifolia, tho h'aves 
scomod to bo morc^ quitiklyanflocted over animal sub- 
stances, and to nunaiii iiiflocled for a lonfi^tT period 
during very warm than during cold weatlior. 1 
wislietl, therefort', to ascertain wliotlier liofit alone 
would induce iii11c(diou, and what bmiptmturo was 
the most oilicituit. Another interesting point pre- 
sented itself, naiiuily, at what <legrco life was (‘xtiii- 
guishtid ; lor Drosera oilers unusual lacilitics in this 
respect, not in the loss of the power of inllc^ction, hut 
in that of subsequent rc-cjxpansion, and more (*s])e- 
cially in tlio failure of tho protoplasm to become 
airarrejrated, when the Icavcjs after bciii" heated are 
immersed in a solution of carbonate of ammonia.* 


* When my cjxpcsrimcntH on tho 
oftbots of iiout wore made, 1 was 
not iiwuro that tho Huhjoct Imd 
]>eeii carefully iiiv<*stij<at<j(I by 
sovfirul observors. For instaiico, 
SachH is convinced pTraite do 
Botanuiuo,* 1S74, pp. 77*2, 854 ^ 
that tlio most diffonmt kiiidH of 
plants all piirish if kept for 10 m. 
in water at 45” to 4b” Cent., or 
lirr to 115” Kahr. ; and ho con- 


clndos that tho protoplasm with- 
in thoir coIIh always coa^'iilatos, 
if in a dump cfnidition, ut u tom- 
pcmtiiro of iN'tweon !i<P and (iO” 
(lout., or 12*2” to 140' Fahr. Max 
Schiiltzo and Kuhne (as quoted 
by Ur. Hastiaii in ‘ Contemp. 
Koviow,* 1874, p. 528) “found 
that tlio jiroiopliuim of plant- 
coUh, with wliicli they experi- 
montod, was always killed and 
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My eyporiments were tried in the following manner. Leaves 
were cut off, and this does not in the least interfere with theii 
powers; for instanqp, three cut-off leaves, with bits of meat 
placed on them, werc kept in a damp atmosphere, and After 
23 lirs. closely embraced the meat both with their ten- 
tac.lcs and blades ; and the protoplasm within their cells was 
well aggrcigatcd. Three ounces of doubly distilled water 
luxated in a porctilain vessel, with a delicate thermometCT 
having a long bulb obliquely suspended in it. The water was 
gradually raised to the required temperature by a spirit-lamp 
moved about under the vessel; and in all cases the leaves 
were continually waved for some minutes close to the bulb. 
They were then placed in cold water, or in a solution of car- 
bonate of aininonhi. In other cases they were left in the water, 
which had been raised to a certain temperature, until it cooled. 
Again in other cakes the leaves were suddenly plunged into 
water of a certain temperature, and kept there for a specified 
time. Considering that the ilntaclcs are extremely delicate, 
and that their cojits arc very thin, it seems scarcely i)ossiblc 
that the fluid contents of their cells should not have been 
heated to within a degree or two of the temperature of the 
surrounding water. Any further precautions would, I think, 
have been superfluous, as the leaves from ago or constitutional 
causes differ slightly in their sensitiveness to heat. 

It will bo convenient firet briefly to describe the effects of 
immersion for thirty seconds in Ixiiling water. The leaves arc 
rendered flaccid, with their tentacles bowed backwards, which, 
as wo shall see in a future chapter, is probably dub to their 
outer surfaces retaining tlicir elasticity for a longer period than 
their inner surfaces retain the power of contraction. The 
purple fluid within tho colls of tho pedicels is rendered finely 
granular, but there is no true aggregation ; nor does this follow 


altered by a very brief expo- 
sure to a teiiiponitiin; of 118J° 
E’alir. as a insixinuini.” As iny 
rtMiilts are dt'diietul from s])ecial 
phenomena, namely, tin; siihst;- 
quent aggregation of tlu» pnito- 
plasm and tho re-expansion of 
tho tentu(*l('s, tlu*y seem t<i mo 
worth giving. We sliall liiul that 
I)rf)sora resists heat somewhat 
better than most otlier plants. 
That tliere should be consider- 


ahlo <lifference8 in tliis respect is 
not surprising, considering tliut 
801110 low vegetable organisms 
grow in hot sjirings — eases of 
wliieh have been collected by 
Pnif. Wyman (‘ American Journal 
ofScience,* vol. xliv. 18G7). Thus, 
Dr. Hooker found Conferva) in 
wat(5r at 1*18° Fahr. : Humboldt, 
at 18.')^ E'alir.; and Deseloizeanx, 
at 208° Fahr. 

. F '2 
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when the leaves are subsequently placed in a solution, of car- 
Iwnatc of ainnionia. But the most remarkable change is tliat 
the glands Injcomc opaque and uniformly yhite; and this may 

rfitributed to the coagulation of their albuminous contciils. 

My fii-st and iireliminary cxiKjriment consisted in putting 
seven leaves in the same ves.sel of water, and ^varmiiig it slowly 
up to the tenii)cratnre of 110'’ Tahr. (18^-3 Cent.); a leaf Ix'ing 
taken out as s(M)n as the tenqxjraturc rose to Cent.), 

another at 85^ another at 00" ainl so on. Each leaf, when taken 
out, was placed in water at the tem])erature of my room, and 
the tentac.les of all soon l)ecaine slightly, though irregularly, 
inflected. They were now removed from the cold water and 
kejrt ill damp air, Avith bits of meat jdaced on tln*ir discs. 
The leaf Avhich had been exjiosed to the tcmi)cratiire of 110’ 
iMJcamc in 15 m. greatly inflected; and in 2 hrs. every single 
tentacle closely embraced the meat. So it Avas, but after rather 
longer intervals, Avith the six other leaA'(‘s. It app(‘ars, there- 
fore, that the Avarin bath Jaw# increased their sensitiA'encjss 
when excited by meat. 

1 iu!xt observed the d(*greo of inflection Avhich leaves under- 
Avont Avithin stated periods, whilst still immersed in warm 
Avater, k(‘pt as nearly as possible at the same temperatiirci ; but 
I A\'ill here and elsewhere give only a few of the many trials 
made. A loaf avus loft for 10 ni. in water at 100 ’ (37 ’ 7 Cent.), 
but no iiifliJctioTi occurred. A second leaf, however, treated in 
the same manner, had a fcAv of its exterior tentacles ATry 
slightly inflected in G m., and several irregularly but not cIos(‘ly 
inflcct(jd in 10 m. A third leaf, kept in Avater at 105° to lOG ’ 
(40°.5 to 41’ I Cent.), Avas very moderately inflected in G m. 
A fourth leaf, in Avatcr at llO ’ ( J3’'3 Cent.), was somcAvhat in- 
flected in 4 m., and considerably so in from 6 in. to 7 m. 

Three leaves Avere placed in water Avliich wiis heated rather 
quickly, and by the time the temperature rose to 115°--11G'’ 
(4G^‘l to dG^^OG Cent.), all three Avore inflected. I tlien removed 
tilt} lamp, and in a fcAV minutes every single tentacle was 
closcily inflected. The protoplasm Avithin the cells Avas not 
killed, for it was seen to be in distinct movement; and the 
leaves, having been left in cold Avatcr for 20 hrs., re-oxpandod. 
Another leaf Avas immersed in AA^ator at 1(X)° (37°-7 (Jont.), w^hicli 
was J’aised to J20'’ (48'’’8 Cent.); and all the tentacles, except 
the extreme marginal ones, soon became closely inflectcid. 
The leaf Avas now placed in cold Avatcu*, and in 7 lirs. 30 m. it 
Inid partly, and in 10 hrs. fully, ro-expanded. On the follow- 
ing morning it Avas immersoil in a Aveak solution of carl)onatc of 
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siinmonia, and the glands quickly became black, with strongly 
marked aggregation in the tentacles, showing that the proto- 
plasm w’as alive, and that the glands hafl not Iqst their power of 
absorption. Another leaf was ])laced in water at 110^ 

Cent.) which was raised to 120° (‘18'’’8 (Jent.) ; find every ten- 
tficlo, (excepting one, was quickly and closely inflected. This leaf 
was now immersed in a few drops of a strong solution of car- 
bonate of ammonia (one part to 109 of water) ; in 10 m. all the 
glands iKJcame inhiiisifly black, and in 2 hrs. the protoplasm in 
the cells of the pedicels was well aggregated. Another leaf was 
suddenly plunged, and as usual waved about, in water at 120°, 
and the tentacles liccanio inflected in from 2 m. to 3 m., but 
only so as to stand at right angles to the disc. The leaf was 
now placed in the same solution (viz. one part of carlionate of 
ammonia to J09 of water, or 4 grs. to 1 oz., which I will for 
the fiitiiro ilesignate as the strong solution), and wJicn I looked 
at it agfiin after tlio interval of jin hour, the ghiiids were 
black<m(!d, find there was well-marked aggropition. After an 
additii)n}il interval of 1 hrs. the tentacles had become much 
moro inflected. It deserves notice that a solution as strong as 
this never cjiuscs inflection in ordinary cases. Lastly a leaf 
was suddenly placed in water at 125° (r)r'*6 Cent.), and was 
left in it until the wfitor cooled; the tentacles were rendered 
of a bright red and soon bocarao inflected. The contents of 
the cells underwent some degree of aggregation, which in 
the course of three Jiours increased; but the nifisses of proto- 
plasm did not become spherical, jis almost always occurs with 
leaves immersed iu a solution of carbonate of ammonifi. 

W(‘. l(»jiru from tlicso cases that a temperature of 
from 120'’ to 125° (48°’8 to 51 °d) Cent.) excites the 
tentaeh's into (jiiiek movement, hut do(\s not kill the 
J(?aves, as shown eitlfiT hy tluur suhs(Hjiiontr(M»x])ansion 
or by th(i aggregation of the protoplasm. We shall 
now see that a temperature of 130° (54°’4 Cent.) is too 
high to cause immediate inflection, yet does not kill 
the leav(js. 

Experiment 1. — A leaf was plunged, and as in all cases 
waved aliout for a few minutes, in water at 130° (5d°‘4 Cent.), 
but there was no trace of inflection; it was then placed in cold 
water, and after an interval of 15 ra. very slow movement was 
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distinctly seen in a small mass of prot(>|ilasm in one of the cells 
of a tentacle.* After a few hours all the tentacles and the 
blade became injected. 

Kv'^uvimvnt ‘2. — Another leaf was pi imped into water at 130° 
to 13F, and as before there was no inflection. After being kept 
ill cold water for an lumr, it was placed in the stnmp solution 
of ammonia, and in the course of 55 ni. the tentacles were con- 
siderably inflected. The glands, which before hail been rendered 
of a brighter red, were now blackened. The iirotoplasm in the 
cells of the tentacles was distinctly aggregated ; but the spheres 
w'cre much smaller than those usually generated in unheated 
leaves when subjected to carlionate of ammonia. After an 
additiomil 2 hrs. all the tentacles, excepting six or seven, were 
closely inflected. 

Experimnit 3.— A similar experiment to the last, with exactly 
the same results. 

Kjrjierimcnt 4. — A fine leaf was placed in water at lOCf (37° *7 
Cent.), which was then raised to 1*15° ((>2° *7 Cent.). Soon after 
immersion, tlicre was, as might have been expected, strong 
inflection. The leaf was now removed and loft in cold water ; 
but from having been exposed to so high a tcmi)eratarc, it 
never rc-exi>anded. 

Erptriment 5. — I^oaf immersed at 130° (54°*4 Cent.), and the 
water raised to 145° (G2°*7 Cent.), there was no immediate in- 
flection ; it was tlien placed in cold water, and after 1 hr. 20 m. 
some of the tentacles on one side l)ccamc inflectiid. This 
leaf was now placed in the strong solution, and in 40 m. all 
the submarginal tentacles were well inflected, and the glands 
blackened. After an additional interval of 2 hrs. 45 m. all the 
tenbicles, except eight or ton, were closely inflected, with their 
cells exhibiting a slight degree of aggregation ; but the spheres 
of protoplasm were very small, and the cells of the exterior 
tentacles contained some pulpy or disintegrated brownish 
matter. 

Kocjji rinienU 6 and 7. — ^Two leaves were plunged in water at 
135° (57°’2 Cent.) which was raised to 145° (62° *7 Cent.); neither 
became inflected. One of these, however, after liaving been left 
for 31 m. in cold water, exhibit^ some slight inflection, which 
increased after an additional interval of 1 hr. 45 m., until 

♦ Sachs 8tatr.s (‘ Traite tic Ro- after they were exposed for 1 m. 
tanique,’ 1874, p. 8.0.0) that the in water to a temperature of 47° 
movements of the protoplasm in to 48° Cent., or 117° to 119° 
the hairs of a Cuciirbita ceased Fahr, 
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all ilH3 toiitatilcs, except •ixteen or sevciit.et;n, were more or less 
inflocted ; but the leaf was so much injured that it never re- 
expiiudcMl. The other leaf, after having? been left for half an 
liour in cold water,* was put into the strong solution, but no 
inflection ensued; tlie glands, however, were blackened, and in 
some colls there was a little aggregation, the si)heres of proto- 
plasm being extremely small; in other cells, especially in the 
exterior tentacles, tlicro was much greenish-brown puli)y 
matter. 

Kj'pe.mntitt 8. — A leaf was plunged and waved al)out for a 
few minutes in water at 140'^ ((50'^ Cent.), and was then left for 
half an hour in cold water, but there was no inflection. It was 
now placed in the strong solution, and after 2 hrs. 80 m. the 
inner submarginal tentacles were well inflected, with their 
glands blackened, and some imperfect aggregation in the cells 
of the pedicels. TJ^ree or four of the glands were spotted with 
the w’hit(j porcelain-like structure, like that produced by l)oiliiig 
water. I have seen this result in no other instance after an 
immersion bf only a few minutes in water at so low a temi)e- 
rature as 140", and in only one leaf out of four, after a similar 
immersion at a temixjrature of 145° Fahr. On the other hand, 
with two leaves, one placed in water at 115° (62° *7 Cent.), ancl 
the other in water at 110° (60° Cent.), both being left therein 
until the water cooled, the glands of both became white and 
porcelain-like. So that the duration of the immersion is an 
important element in the result. 

RrprruneiU 0. — A leaf was placed in water at 110° (60° Cent.), 
which was raised to 150° (65° *5 Cent.); there was no inflection ; 
on the contrary, the outer tentacles were somew'hat bowed back- 
wards. The glands became like porcelain, but some of them 
were a little mottled with purple. The bases of the glands were 
often more affected than their summits. This leaf having been 
left in the strong solution did not undergo any inflection or 
aggregation. 

Kaiterimeitt 10. — A leaf was plunged in water at 150° to 150i° 
(65° *5 Cent.); it became somewhat flaccid, with tho outer ten- 
tacles slightly reflexed, and the inner ones a little bent inwarils, 
but only towards their tips ; and this latter fact shows that the 
movement was not one of true inflection, as the l>asal part 
alone normally bends. The tentacles were as usual rendered of 
a very bright red, with the glands almost white like porcelain, 
yet tinged with pink. Tho leaf having been placed in the 
strong solution, the cell-contents of the tentacles became of a 
muddy brown, with no trace of aggregation. 
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Kvf)€runeiit 11. — A leaf was immersid in water at 145° (G2°‘7 
Cent.), which was raised to 156° (68°*8 (^ent.). The tentacles 
became brij^ht red and somewhat reflexed, with almost all the 
glands like porcelain; those on the disc* being still pinkish, 
thoi^ near the margin quite white. The leaf l)eing placed as 
iisual first in cold water and then in the strong solution, the 
cells in tlie tentacles became of a muddy greenish brown, with 
the protoplasm not aggregated. Nevertheless, four of the glands 
escaped l)eing rendered like porcelain, and tlie X3cdicc]s of these 
glands were spirally curled, like a French horn, towards their 
upi^er ends; but this can by no means bo considered as a 
Cease of true inflection. The protoplasm witliin tlie cells of tlie 
twisted i)ortions was aggregated into distinct though excessively 
minute purple spheres. This case shows clearly that the proto- 
plasm, after having been exposed to a high temperature for a 
few minutes, is cax)able of aggregation when afterwards suIh 
jocted to the action of carl)onato of ammonia, unless the heat 
has Ix^en sufllcient to cause coagulation. 

Concluding BemarJes. — As thn luiir-Iik(5 tc'iitnclos nro 
extremely thin and Jiavo dolicato walls, and as the 
lcjiv(?s were wav('d about for some minutes close to the 
bull) of the th(»rmometer, it seems seareedy [M)ssibl(‘ 
that they should not have Imhju rais(‘d vc'Ty nearly to 
the ttimporatnre which the instrument indicatetl. 
From the eleven last observations we see that a toin- 
peraturo of 130*^ (54”‘4 Ccmt.) never causes the iiiime*- 
diate inflection of tlie tcaitacles, though a teinjioraturc 
from 120'’ to 125° (48°*8 to 51°-6 Cent.) quickly pro- 
duces this ell\3ct. I3ut the leaves are paralyse(l only 
for a time by a temperature of* 130°, as afterwards, 
whether left in simph) water or in a solution of (;ar- 
bonate of ammonia, they become inflected and their 
protoplasm undergoes aggn^gation. This great dif- 
ference in the effects of a higher and lower toin])ora- 
ture may be compared with that from immersion in 
strong and weak solutions of the salts of ammonia ; for 
the former do not (excite movciinent, whereas the lattiir 
act energetically. A temporary suspension of the 
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power of movement due to heat is called by Sachs* 
heat-rigidity ; and this in tluj case of tll(^ sciiisitivo- 
phint (Mimosa) fa induced by its exposure for a few 
minutes to humid air, raised to 120° — 122° Fahr., or 
49° to 50° Cent. It deserves notice that the leaves of 
l)ros<Ta, after being immersed in water at 1J10° Fahr., 
are (?xcited into movement by a solution of tlie car- 
bonate so strong that it would paralyses ordinary 
lijavc'S and eaus(i no inflection. 

The exposure of the loav(is for a fi*w minutes even 
to a temperature of 145° Fahr. (02''-7 C(iiit.) docs not 
always kill tlnun ; as when afterwards left in cold 
wat(‘r, or in a strong solution of carbonate of ammo- 
nia, tliey generally, though not always, become in- 
ileetcd ; and the proto[)lasm within their (Hills under- 
goes aggregation, though the spheres thus formed are 
(‘xtreiiudy small, with many of the ccJls partly filled 
with brownish muddy matter. In two instances, when 
leaves w(Te immerscHl in water, at a lower temperature 
than 130° (54°-4 C(?nt.), which was then raised to 145° 
(62°’7 (kiiit.), they b(i(?amo during the (wlier period 
of immersion inflected, but on being afterwards left 
in (iold water were incapable of rc-ex])ansion. Ex- 
posure for a few minutes to a temperature of 145° 
sometimes causes some few of the more sensitive 
glands to bo spe(?kled with the porcelain-like appear- 
ance ; and on one o(?fasion this occjurrtid at a tempera- 
ture of J40° (00° Gent.). On another occasion, when 
a loaf was ])laccd in water at this temjierature of only 
140°, and left therein till the water coohnl, every 
gland became like porcHjlain. Exposure for a few 
minutes to a teiinierature of 150° (05°’5 (kmt.) gene- 
rally produces this eflfcMit, yet many glands retain a 


• ‘ Traitc do Hot.’ 1874, p. 1034. 
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pinkish colour, and many proscmt a speckled appoar- 
auce. This liigh teniporatiire never causes true inllec- 
tion ; on the (.‘ontrary, the tentacles eoniinonly become 
reflexe<l, though to a l(»ss d(‘gree than when imiiKU’sed 
in boiling water ; and this apparently is due to their 
passive power of elasticuty. Aft(‘r exposure to a tem- 
perature of 150° Fahr., the protoplasm, if subsetpiontly 
subjected to carbonate of ammonia, instead of umler- 
going aggregation, is converted into disintegrated or 
pulpy discoloured matter. In short, the leavers are 
generally killed by this dc'gree of heat; but owing to 
differences of age or constitution, they vary soim^what 
in this respect. In one anomalous case, four out of 
the many glands on a leaf, which had been imnuu’sed 
in water raised to 156° ((i8°*8 Cent.), cscap(»d being 
rendered poreellanous;* and the protoplasm in the 
cells close bemeath these glands underwent some 
slight, though imperfeci, degree of aggregation. 

Finally, it is a remarkable fact that the leaves of 
Drosera rotundifolia, which ll<)urish(?s on bh'ak upland 
moors throughout Gnnit Britain, and exists (Hooker) 
within the Arctic? Circle, should be able to withstand 
for even a short time immersion in water heated to a 
temperature of 145°.t 

It may be worth adding that immersion in cold 


* Ah the opacity ainl porcelain-, 
like appearance of the glandn ia 
probably due to tlu? coagulaticm 
of the ulbuiiK'.n, I may add, on the 
authority of Dr. niirdoii Sander- 
son, that albumen coagulates at 
alKiiit 155% but, in presence of 
ucidH, the temjx'rature of coagula- 
tion is lower. The leaves of Dro- 
seru contain nn aci<l, and i>erhaps 
u diiTerenco in the amount cou- 
tuiuod may account for the slight 


differefuHiS in the r«;sults abovo 
recorded. 

t It appears that cold-blooded 
animals are, as might have been 
expcicted, far more sc^nsitive to nn 
increase of tein])eratur(; than is 
Drosera. Thus, as I h*ir from Dr. 
Burdon Sanderson, a frog begins 
to be distressed in wati*r at n tem- 
perature of only 85° Fahr. At 95° 
the muscles become rigid, and the 
animal dies in a stilfeued condition. 
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CIIAPTEU V. 

Tub Effects op Non-nitrocenui’s and Xitrooexoi s Oucaxh: Eli'IDs 
ON THE Leaves. 

Noii-nitrogonous — Solutions of aniliic — Siijjfsir -- Starch 

— Diliit.'d jxlcohol — Olivo oil — Infusion aral drcoction «»f — 

Xitni^oi iliiids — -^lilk — Uriiu* — Tiiqiiitl al])iinu'ii — Infusion 

of raw moat — riiipiiro uiuciis — Saliva -Solution of isinglass — 
Diffoi ‘o in tiio action of thcso two sets of iluids — Decoction of 
gnH*u i)oas — Dc'ooctioii and infusion of c:d»l»ige — Decoction of 
Srass loi. 

When, in 1860, 1 first oliserverl J)ro.siTrt,aii(l was 1(‘<1 to 
bolievo tliiit tli(} l(»Hves absorbed nutritious nuittcTlnun 
tlio insects wliieli tliey eapturetl, it stJonuMl to nu* a 
good |)Iau to iiiak(3 sonu^ [)reliniinary trials with a few 
eonimon fluids, containing and not containing nitro- 
genous matter; and the results are worth giving. 

In all the following (?as(3S a drop was allowcMl to fall 
from the stime pointed instrument on the centre of t\w 
l(?af; an<l by r<jpeatcd trials one of these drops was 
ascertained to be on an average very nearly half a 
minim, or -,,-*-^ of a fluid ounce, or * 029 ;) ml. Ihit these* 
measurements obviously do not pretend to any strict 
ae(;ura(3y ; moreover, the drops of tlie viscid fluids W(jr(‘ 
plainly larger than those of water. Only one leaf on 
the same plant was tried, and the ])lants wor(3 col- 
lected from two distant localities. 'J'lui expc'riimjuts 
wore made during August and Hei)tembt3r. In judging 
of the effects, one caution is nciccssjiry: if a drop of 
any adhesive fluid is placed on an old or feeble leaf, 
the glands of which have ceased to secrete copiously, 
the drop sometimes dries up, especially if the plant 
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is kei)t ill 11 room, and some of the central and sub- 
niar^inal tentacles are thus drawn tojjothor, j^iving to 
tlioni the fals(J app’earancc of haviiifj become infle(jte,d. 
Tins soinetiiiK^s occurs with water, as it is rendered 
adlu'sive by mingling with the viscid secretion. 
Ilenc() the only safe criterion, and to this alone J 
have trusted, is the bending inwards of the exterior 
tentacles, which liave not been touched by the fluid, or 
at most only at tluur bases. In this case the inove- 
nu*nt is wholly diu^ to the central glands having beini 
stimulat(*d by the Huid, and transmitting a motor 
iinpuls(‘ to the (?xterior ttmtacles. The bla(h‘ of the 
l(‘af likewise oft(*if c.urv(‘S inwards, in the same manner 
as when an ins(M*t or bit of meat is placi'd on the 
disc. This latter movement is never causcMl, as far 
as I have seen, by tlu^ mere drying up of an ad- 
h(*siv(i fluid and the constMpKmt drawing together of 
the tentach‘s. 

First for the non-nitrogeiious fluids. As a pre- 
liminary trial, drops of distilled water were phased on 
between thirty and forty h'aves, and no effect whatever 
was ])roduce(l; iicvertludess, in some other and rarc‘ 
cases, a few tentacles became for a short time in- 
flected; but this may have been causcnl by the 
glands having been accidentally touched in getting 
fh(‘ l(»av(*s into a proper position. That wat(T should 
produce no efleirt niight hav(' In'en aiiticijiated, as 
«>therwise the leaves would have Ixmui excited into 
movement by (ivery shower of rain. 

• 

Ham arahic . — Solutions of four,dogrcc8 of strength were made ; 
on(i of six grains to tho ounce of water (one part to 73) ; a second 
rather stronger, yet very thin ; a third moderately thick, and a 
fourth so thick that it would only just drop from a pointed 
inKtruincnt. Those were tried on fourteen leaves; the drops 
bi'ing left on the discs from 24 lirs. to 44 hrs. ; generally about 
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30 hrs. Inflection was never thus caused. It is necessary* 
to try pure gum arabic, for a friend tried a solution bought 
ready prepared, and this caused the tentacles to bend ; but lie 
afterwards ascertained that it contained much animal matter, 
prolvibly glue. 

Su<jfir . — Drops of a solution of white sugar of throe strengths 
(the weakest containing one jiart of sugar to 73 of water) were- 
left on fourteen leaves from 82 lirs. to 48 hrs. ; but no eftbet was 
produced. 

Htarch , — A mixture al)out as tliick as cream was dropped on 
six leaves and left on them for 30 hrs., no effect Injing produced. 

I am surprised at tliis fact, as I believe that the stare] i of com- 
merce generally contains a trace of gluten, and this nitrogenous 
substance causes inflection, as we shall see in tlie next chapter. 

Alcohol^ Diluted , — One part of alcohol was added to seven of 
water, and the usual drops were placed on tlie discs of tlircc 
leaves. No inflection ensued in the course of 48 hrs. To ascer- 
tain whether these leaves liad l)cen at all injured, bits of meat 
were placed on thorn, and after 24 hrs. they were closely inflected. 

I also put drops of sherry -wine on three other leaves ; no inflec- 
tion was caused, though two of them seemed somewhat injured. 
Wo shall hereafter see that cut-off leaves immersed in diluted 
alcohol of the above strength do not become inflected. 

Olive Oil , — Drops w'crc placed on the disjew of eleven leaves, and 
no effect was produced in from 24 hrs. to 48 hrs. Four of these 
leaves were then tested by bits of meat on their discs, and three* 
of them were found after 24 hrs. with all their tentacles and 
blades closely inflected, whilst the fourth had only a few ten- 
tacles inflected. It will, however, be shown in a future place, 
that cut-off leaves immersed in olive oil are powerfully affected. 

Infuaitni and Decoction of Tea , — Drops of a strong infusion and 
decoction, as well as of a rather weak decoction, of tea were 
placed on ten leaves, none of which became inflected. I after- 
wards tested three of them by adding bits of meat to the drops 
which still remained on their discs, and when I examined them 
after 24 hrs. they wore closely inflected. The chemical ])rinciple 
of tea, namely theine, was subsequently tried and produced no 
effect. The albuminous matter which the leaves must originally 
have contained, no doubt, had boon rendered insoluble by their 
having l)cen completely dried. 

Wc thus see that, excluding the ex2)oriiiicnts with 
water, sixty-one loaves were tried with dro])s of the 
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abovo-namcd non-nitrogenoiis fluids ; and the tentacles 
were not in a single ease inflected. 

With respect to nitrogenous fluids, the first which came to 
hand were tried. Tlie experiments were made at the sanie 
time and in exactly the same manner as tlie foregoing. 
As it was immediately evident that these fluids produced a 
great effect, I neglected in most cases to record liow soon the 
tentacles became inflected. But this always occurred in less 
than 24 hrs. ; whilst the drops of non-nitrogenous fluids which 
l)roduccd no cttt.'ct were observed in every case during a 
(Considerably longer period. 

Milk, — Drops were placed on sixteen leaves, and the tentacles 
of all, as well as the blades of several, soon became greatly 
inflected. The periods were recorded in only three cases, 
namely, with leaves on winch unusually small drops had been 
placed. Their tentacles were somewhat inflected in 45 m. ; 
and after 7 hrs. 45 m. the blades of two were so much curved 
inwards that they formed little cups enclosing the drops. 
These leaves re-expanded on the third day. On another occa- 
sion the blade of a leaf was much inflected in 5 ln*s. after a 
drop of milk had been placed on it. 

Unman Urine, — Drops were placed on twelve leaves, and the 
t(mtaclcs of all, with a single exception, became greatly inflected. 
Owing, I presume, to diffei’cnces in the chemical nature of tho 
urine on different occasions, tho time rccpiircd for tho movements 
of the tentacles varied much, but was always effected in under 
24 hrs. In two instances I recorded that all the extiirior ten- 
tacles u’cre conii)IeteIy inflected in 17 lirs., but not the blade of 
tho loaf. In another case tho edges of a leaf, after 25 hrs. 
30 m., became so sti-ongly inflected that it was converted into a 
cup. The power of urine does not lie in tlie urea, which, as 
we shall hereafter see, is inoperative. 

Albumen (fresh from a hen’s egg), placed on seven leaves, 
caused the tentacles of six of them to be W’ell inflected. In one 
case the edge of the leaf itself became much curled in after 
20 hrs. The one leaf which was unaffected remained so for 
26 hrs., and was then treated with a drop of milk, and tliis 
caused tho tentacles to bend inwards in 12 hrs. 

CM Filtered Tnfnsion of Haw Meat . — This was tried only on a 
single leaf, which had most of its outer tentacles and tho blade 
inflected in 19 hrs. During subsequent years, I rejxiatcjdly 
used this infusion to test leaves which had l)een experimented 
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on with other 8ul)stanccs, and it was found to act most ener- 
getically, hut as no exact account of these trials was kept, they 
are not here introduced. 

j^fitens . — Thick and tliin ipaucus from the bronchial tulx)S, 
placed on three leaves, caused inflection. A leaf with thin 
mucus had its marginal tentacles and blade somewhat curved 
inward in 5 hrs. 30 m., and greatly so in 20 hrs. The action of 
this iluid no doubt is duo either to the saliva or to some albu- 
minous matter* mingled with it, and not, as we shall see in the 
next chapter, to mucin or the cliemical princii)lo of mucus. 

tkiJtni . — Human saliva, when evaporated, yieldsf from 1T4 to 
!• 19 per cent, of residue ; and this yields 0‘25 pen* cent, of ashes, 
so that the ])roportion of nitrogenous matter which saliva con- 
tains must be small. Nevertheless, droi)s placed on the discs of 
(dght leaves act(*d on them all. In one case all the exterior ten- 
tacles, excepting nine, were inflected in 191ws. 30 m. ; in another 
case a few became so in 2 hrs., and after 7 hrs. 30 in. all tlioso 
situated near where tlie droi) lay, as well as the blade, were 
acted on. Sinc^ making these trials, T liavo many scores of 
times just touched glands with the handle of my scalpel wetted 
witli saliva, to ascertain wliother a leaf was in an active condi- 
tion ; for this was shown in the course of a few minutes by the 
liending inwards of the ientaclos. The edible nest of the Chinese 
swallow is formed of matter secreted by tin? salivary glands; tw’(» 
grains wore added to one ounce of distilled water (one part to 218), 
which was boiled fljr several minutes, hut did not dissolve the 
whole. The usmil-sizod drops were jilaced on three leaves, and 
these iu 1 hr. 30 m. were well, and in 2 hrs. 15 m. closely, 
inflected. 

Tsinfllass. — Drops of a solution about as thick as milk, and of 
a still thicker solution, w’erc placed on eight leaves, and the ten- 
tacles of all became iiifi(?ctcd. In one case the exterior tentacles 
were well curved in after 6 hrs. 30 m., and the blade of the leaf 
to a partial extent after 21 hrs. As saliva actcc^ so efficiently, 
and ycit contains so small a proportion of nitrogenous matter, I 
tried how small a rpiantity of isinglass would act. One part was 
dissolved in 218 parts of distilled water, and drops were placed* 
on four leaves. After 5 hrs. two of these were considerably and 
two moderately inflechid ; after 22 hrs. the former were greatly 
and the latter much more inflected. In the course of 48 hrs. 

♦ Mucus from the fiir-])iiHSiigc.s to contain som(i alhuincn. 
is Hiiid in Marshall, ‘ Outlines of t lfiiill«r*H* Elements of PhyBio- 
riiysiology,* vol. ii. 18G7, p. 3GJ, logy,* J<iig. Tmns. vol. i. p. 514. 
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from tilt) time when tlio drops wens placed on the leaves, all 
four had almost re-expanded. They were then given little l»its 
of meat, ainl th(*se .^ted more ])owerfully than the solution. 
One j)art of isinglass was next dissolved in 4J57 of water; 4he 
fluid thus formed was so thin that it could not be distinguished 
from pure watcjr. The usual-sized drops were i)laced on seven 
leaves, each of whicli thus received „ of a grain (*0290 mg.). 
Three of them were observed for 41 hrs., but were in no way 
altected; th(j fourth and fifth bid two or throe of their exterior 
toiitackis inflected after 18 hrs.; the sixth had a few more; 
and tlic seventh had in addition the cxlge of the leaf just 
lierceptibly curved inwards. The tentacles of the four latter 
leaves Ix'gan to rc-expaiid after an additional interval of only 
S hrs. lienee the r,/in of a grain of isinglass is sufUcieiit to affict 
very slightly the more sensitive or active leaves. On one of the 
leaves, which had not been acted on by the weak solution, and on 
another, which had only two of its tentacles inflectcal, drops of 
the solution as thick as milk were placed ; and next morning, 
after an int(!rval of 10 hrs., both were found with all their ten- 
tacles strongly inflected. 

Altop(‘tli(*r r ox[)oriiuentod on sixty-four lonv(‘s 
willi tlui iibovo iiitropjeiious fluids, the five loaves 
tried only with the oxtnuiudy weak solution of isin- 
glass not being; iiieliided, nor the numerous trials 
sul)sequ(inlly imido, of wliieh no exact aeeonnt was 
ke[)t. Of tJies(^ sixty-four loaves, sixty-tlireo laid their 
tentacles and often their blades well iiifl(H;te(]. Tlie 
01113 whieli failed was probably too old and torpid. 
Jhit to obtain so lai*g;o a ])roportion of sneei'ssful 
cases, care must bo hikeu to select young and a(divt‘ 
leav(»s. lioaves in tliis condition were elit»s(Ui with 
eijnal earo for the sixty-ono trials with non-nitre j- 
g;euous fluids (wat(»r not included) ; and wo have seem 
that not one of these was in the least aft'oeted. AVe 
may thi3refore safely conclude that in the sixty -four 
experiments with nitrogenous fluids the infloctioii of 
the exterior tentacles was due to the absorption of 
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nitrogenous niattor by the glands of the tentacles 
on th<‘ (lis(‘. 

»S>ni(‘ of the h‘jives whieli wc‘n^ not afte(?t(‘d by the 
nou-nitrog*Mions fluids wen', as abov(' stated, iniine- 
rtiattdy aft(?rwards t(‘sted with bits of na^at, and w(*re 
thus proved to be in an aedive (*oiidition. Ihit in 
addition to these trials, twenty-thi*(‘e of the leaves, 
with drops of gum, syrup, or starch, still lying on 
their discs, wlih.'h had jiroduced no ellect in tln^ (toiirse 
of Ix^tween 24 hrs. and 4H hrs., were th(‘ii teste<l with 
drops of milk, urine, or albunnm. Of the tw'enty-thre(» 
leaves thus treate<l, sc‘V(‘nt(Hm had their tenta(di‘s, and 
in some cas(\s tlndr blades, wtdl inth^etcMl; but their 
jxjwors were somewhat iuij>air(Ml, for the rale of nn»v(‘- 
immt was dcjcuh'dly slow’<'r than when fresh heaves 
were tr(»ated with these sjinie nitrogenous fluids. This 
impairment, as well as the insmisibility of six of the 
leaves, may 1 k‘ attribnt<‘d to injury from (‘xosmosi*, 
(!aus(Hl by the di^nsity of the fluids phured on their 
dis<\s. 

'i'he results of ii fewotlior ex^icrinionis with nitiDpoiious tIui<lH 
may hero ooiivoniontly given. Pecoctioiis of some vegehihlos, 
known to 1x3 rich in niirogeii, Aveii3 made, and those acted like 
animal fluids. Thus, a few ynu u jpcas wore lx)il»Hl for some time 
in distilled water, and the incxleratoly tliick decoction tlnisinade 
was alloweil to settle. Drojjs of the 8iii)eriiicumhent fluid were 
])laccd on four leaves, ami when these wert3 looked at after 
IG hrs., tlio tentacles and blades of all woiv. found strongly 
inflected. T infer from a romark by (lerliMrdt* that leguniin is 
present in peas “ in enmhination with an alkali, forming an 
iiiccMigulahlo solution,” and this Avould iniiigh' with boiling 
water. I may mention, in relation to the above and folh)wing 
experiments, that according to StihifTf (jertain forms of albumen 


* Watts* ‘ Diet, of ClioiiiiHtry,* Digestion, * torn. i. p. 370; tom. 

vol. iii. p. r)(i8. ii. pp. 154, 100, on leguiniu. 

t *liecoiiH siir la Phys. dc la 
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exist which are not coagulated by boiling water, but are con- 
verted into soluble peptones. 

On three occa8ions*choi)pcd cabbagc-lcavcs * were boiled in 
distilled water for 1 hr. or for 1’ hr.; and by decanting the 
decoction after it had l)ccn allowed to rest, a pale dirty green 
fluid was obtained. The usual-sized drops were plaeed on 
thirteen leaves. Their tentacles and blades were inflected after 
•1 hrs. to a quite extraordinary degree. Next day the protoplasm 
within the cells of the tentacles was found aggregated in the 
most strongly marked manner. I also touched the viscid secre- 
tion round the glands of several tentacles with minute drops of 
the decoction on the hc;ul of a small pin, and they became w^cll 
inflected in a few minutes. The fluid proving so powerful, one 
part was diluted with tlireo of water, and drops were placed on 
the discs of five leaves ; and those next morning were so much 
acted on that their* blades wt;re completely doubled over. We 
thus see that a decoction of cabbagc-leavcK is nearly or quite as 
potent as an infusion of raw meat. 

About the same quantity of chopped cabKage-lcaves and of 
<listi1led water, as in Ihc last experiment, were kept in a vessel 
for 20 hrs. in a hot closet, but not heated to near the boiling- 
point. Drops of this infusion were placed on four leaves. Cm*, 
of these, after 23 hrs., was much inflected ; a second slightly ; a 
third had only the subraarginal tentacles inflected; and the 
fourth was not at all affec.tt'd. Tlie ])owcr of this infusion is 
therefore very much less than that of the decoction; and it is 
clear that the immersion of cabbage-leaves for an hour in water 
at the boiling t<}mporature is much more efficient in extracting 
matter which excites Droscra than immersion during many 
hours in warm water. Perha])s the contents of the cells are 
prot(?ctcd (as Schitf remarks with respect to legumin) by ihv 
walls l)cing formed of cellulose, and that until these are rup- 
turcid by boiling-water, Iwt little of the contained albuminous 
matter is dissolved. We know from the strong odour of cooked 
cabbage-leaves that boiling wutcr produces some chemical 
change in them, and that they arc thus rendered far more 
digestible and nutritious to man. It is therefore an interesting 

* 'riic leaves of young plants, and the outer leaves of mature 
l)C^on‘ the heart is formed, sueh pluiits 1’6 percent. Wutts* ‘Diet, 
us were used by nic', (uuituin *2*1 of Chemistry,’ vol. i. p. GoH. 
per cent, of albuminous mutter, 

G 2 
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fact tliat water at this temperature extracts matter from them 
which excites Dnwera to an extraordinary degree. 

Grasses contain far less nitrogonons n.atter than do peas or 
cabbages. The leaves and stalks of three eoinmon kinds were 
chopped and Ixiiled for some time in distilled water. Droits 
of this decoction , (after having stood for 24 hrs.) were jilaced 
on six leaves, and acted in a rather jK'cnliar manner, of which 
other instances will be given in the seventh chaptev on the 
salts of ammonia. After 2 hrs. 30 in. four of the leaves had 
their blades greatly inflected, but not th(!ir exterior tentacles ; 
and so it was with all six leaves after 21 hrs. Two days after- 
wards the blades, as well as the few submarginal tentacles which 
hadlieen inflected, all ro-expanded; and much of the llnid on 
their discs was by this time absorbed. It apiieam that the de- 
coction strongly excites the glands on the disc, causing the blade 
to be (luickly and greatly inflected; but that the stimnlus, dif- 
ferently from what occui’s in oixlinary cases, docs not spread, or 
only in a feeble degree, to the exterior tcntacle.s. 

I may here add that one iKiil of the extmet of lielladonna 
(procured from a druggist) was dissolved in 437 of water, and 
drojis were placed on six leaves. Next day all six were some- 
what inflected, and after 48 hrs. were completely re-expanded. 
It was not the included atropine which produced this cft'ect, for 
I subsequently ascertained that it is (|uitc imwerless. 1 also 
procured some extract of liyoscyainus from three shops, and 
made infusions of the same strength as Ixiforo. Of those three 
infusions, wily one acted on some of the leaves, which were 
tried. Though druggists liclicve that all the albumcii is pre- 
cipitated in the preparation of these drugs, 1 cannot doubt that 
some is occasionally retained ; and a trace would lie snilicicnt 
to excite the more sensitive leaves of Drosera.^ 
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CHAPTER VI. - 

The Digkhtive Power of the Secretion of Drosera. 

Tin; soiTftwni rt*inU‘ml ucM liy iht* direct and iiidir(‘ci cxciteinont of 
the ‘jlands — Xaturu of the iicul — l)i^estih1c subutaiircfl — ADiii- 
moil, its digoKtioii arrested ]>j' alkalies, rceomiiiencos hy tlie addi- 
tion of ail aeid -Meat — Fibrin — Syiitoiiiii — Areolar tissue — 
Cartila;?o — Fibro-oartihige — Done -Enamel and dentine — Plios- 
pliate of lime — Fibrous basis of Isnie — tlelatim*, - — l'ln)Tulrin — 
Milk, easeiii and cli^-ese — (Uiiteii ■ Iji'^umin — Pollen - (ilobiilin 
— llannatin • -- Indigestible substanoes — Epidt riiiic prodnotions — 
Fibro-elastic tissue — 31 uciii — l*epsin — I' rea — C 'liiiiut; — ( ’idlu- 
lose - ( 1 iin-cotton — (Chlorophyll — Fat ami oil — Starch — Action 
of the seijretion on living seeils — Summary ami concluding 
remarks. 

As \\v liavo seem that nitrogcMioiis fluids act very 
ditterently on tluj hjavt^s of Droscjra from iioii-nitro- 
gtmous fluids, and as the leaves remain (das])iHl for a 
much Iong(*r time over various organic bodies tlian 
over inorganic bodies, such as bits of glass, cinder, 
wood, Ac., it becoint‘s an interesting inquiry, whetlmr 
they can only ah.sorb matter already in .solution, or 
nmdor it siilnbh;, — tliat is, have the power of digestion. 
We shall imnmdiately see that tln^y certainly have this 
power, and that tln‘y act on albuminous compounds in 
exactly tim same manner as does the gastric, juice of 
imiininals ; the digested matter being afterwards ab- 
sorbed. This fact, which will be clearly proved, is a 
woudcTful oiKi ill the ])hysiology of plants. I must 
here state that I havcj hemi aided throughout all my 
later exiieriments by many valiiabhj suggestions and 
assistance given mo with the greatest kindness by 
l)i\ liurdon Sanderson. 
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It may be well to premise for the sake of any reader 
who knows nothing about the digestion of alluiininous 
eompounds by animals that this is -efteeted by means 
of "a ferment, pepsin, together with weak hydroeliloric! 
acid, though almost any a(dd will servo. Vet rnuther 
pepsin nor an jieid by itself has any such powt^r.* 
We have seen that when the glands of the discs are 
excited by the contact of any objecd, especially of 
one containing nitrogenous matter, the outer ten- 
tacles and often the blade become inflesetod ; the leal* 
being thus converted into a temporary cup or sto- 
mach, At the same time the discal glands secrete 
more copiously, and the secn^tion lK3(;omos acid. 
Moreover, they transmit some infliumce to the glands 
of the exterior tentacles, causing them to i)our forth 
a more copious secretion, which also becomes a(ud or 
more aci<l than it was bedbre. 

As this result is an . important one, 1 will give the 
evidence. The secretion of many glands on thirty 
leaves, which had not lM?en in any way excitcjcl, was 
tested with litmus jmper ; and the secretion of twenty- 
two of these leaves did not in the least aflect the colour, 
whereas that of eight caused an exceedingly feeble 
and sometimes doubtful tinge of red. Two other 
old leaves, however, which apj)eared to have been in- 
flected several times, acted much more decidedly on 
the paper. Particles of (dean glass wc^re then placed 
on five of the leaves, cubes of albumen on six, and 
bits of raw meat on three, on none of which wad the 
secretion at this timo in the least acid. After an 
interval of 24 hrs., when almost all the tentacles on 

* It ap^n, however, aecord- though elowly, a very minute 

to Schiff, and contrary to the quantity of coagulated albumen, 
opinion of some physiologi&ts, Sehiir, ^Phys. do la Digestion,' 
that weak hydrochloric dissolves, tom. ii. 1867, p. 25. 
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tlinso fourteen lefives had become more or less in- 
flected, 1 a;^ain tested the secretion, selecting glands 
whicdi liad not as 'yet reached the centre or touched 
any object, and it was now plainly acid. The degree 
of acidity of the sccndion varied somewhat on the 
glands of tlie same loaf. On some leaves, a few ten- 
tjich^s did not, from some unknown cause, become in- 
flected, as often liappens ; and in five instances their 
secTrii(»n was found not to 1x5 in the least acid; 
wliilst tln^ secretion of the adjoining and jnflected 
tentacli‘s on tlui same leaf was decidedly acid. With 
leavers c^xc.ited by particles of glass placed on the 
(*entral glaiuls, the secrcition which collects on the 
flisc beneath tiniin was miicli more strongly Jicid 
than that poured forth from tlio exterior hmhich^s, 
whi(;h were as y<'t only moderately inflected. When 
bits of albumen (and this is njiturally alkaline), or 
bits of meat wore placed on the disc, the secretion 
c<illec,t(Ml beneath them was likewise strongly acid. 
As raw m(iat moistened with water is slightly acid, I 
compared its action on litmus paper before it was 
placed on the loaves, and afhirwards when bathed in 
tin? secnition ; and there could not be the least doubt 
that the latter was very much more acid. I have 
in<h'.ed tried hundreds of times the state of the secn?- 
tion on the discs of loaves which were inflected ovt*r 
various objixjts, and never failed to find it acid. We 
•may, therefore, conclude that the secretion from un- 
excited leaves, though extremely viscid, is not acid or 
only slightly so, but that it becomes aend, or much 
more strongly so, after the tentacles have begun to 
bend over any inorganic or organic object ; and still 
.more strongly acid after the tentacles have remained 
for some time closely clasped over any object. 

1 may here remind the reader that the secretion 
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sipposirs to he to a <‘ovtiUU (‘xtoiit antis(‘ptic, as it 
shocks tho n])|M'siriUiO(‘ of mould and infusoria, thus 
piYVontin^f for a tiiiu* tlio discoloration and d(*cay of 
such suhstnnc(}s as t]ic» wliito of an (dircsc, iV'c. 
It fliorofon* acfs like tho pisfric jiii(*o of fJi(» hi^Iu^r 
animals, wliich is known to nnvst ])iitrofa(*fion hy 
(Icstroviii<jf tlio jnicrozvmos. 


xVs T was anxious to learn what acid llu) secretion contained, 
415 leaved were washed in distilleil wat(‘r, pi veil ino by Prof. 
Frankland; but the secretion is so viscid that it is scarcely 
liossiblo to scrape or wash off the whole. Tho conditions 
wta’o also unfavourable, as it was late in th(} year and tho 
leaves weiv small. J*rof. Frankland with great kindness under- 
took to test tho fluid thus collected. The leaves were excited 
by clean particles of glass placed on tin'in ’21 lirs. jirevioiisly. 
No doubt much more acid would have heeii secreted had the 
leaves been excited by animal njattor, but this would have 
rcndei*ed the analysis more dittienlt. Prof. Fraiiklaiid informs 
me tliat the fluid oontainedlio trace of hydrochloric, sulphuric, 
iartaii(5, oxalic, or formic acids. This liaving been as(;ertaincd, 
the I’cmainder of the fluid was evaporated nearly to dryness, and 
acidified with siil])huric acid; it then evolved volatile acid 
vaiKUir, which was condensed and digested with earhoiiatt^ of 
silver. “ The weight of the silver salt thus ju’oduced was only 
*37 gr., much too small a quantity for tlie accurate iletermina- 
tion of tho moleculjir weight of the acid. The nuinher oldaincd, 
however, corrcs])onded nearly with that of proijionic acid ; arwl 
I holiove tliat this, or a mixture of acetic and Imtyric ac.ids, wcrci 
present in the liquid. The acid doubtless belongs to the acetic 
or fatty series.” 

Prof. Frankland, as well as his assistant, ob.sorved (and this, 
is an imjiortant facjt) that the fluid, " when acidified with sul- 
lihuric acid, omitted a powerful odour like that of pepsin.” 
The leaves from which tho secretion hafl been waslied were 
also sent to Prof. Frankland; they were macerated for some 
hours, then acidified with sulphuric acid and distilled, hut no 
acid passed over. Therefore the acid which fresh leaves con- 
tain, as shown by their discolouring litmus ])aper wlicn crushed, 
must he of a different nature from that present in tho secretion. 
Nor was any odour of pepsin emitted by them. 
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Although it has long been known that pepsin with acetic 
acid has the power of digesting alhuminous coini)ounds, 
it aj)pL*arcd advisablj? to af-c(‘rtain whctlier acetic acid could 
he repla(*ed, williont the loss of digestive tK)\ver, by J:hc 
allied acids which are lielieved to occur in tlrtj secretion 
of Jh'osaia, namely, propionic, butyric, or valerianic. Dr. 
Jhirdon Sanderson was so kind as to iiiaka for me the follow- 
iiig cxiHirimcnts, the results of which are raluahlo, iiidej>cn- 
d(.*ntly of the ])rescnt inquiry. Prof. Frankland supplied the 
acids. 

“ 1. The purpose of the following cxjK^rinicnts was to deter- 
mine the digestive activity of Ihpiids containing pepsin, when 
acidulated with certain volatile acids belonging to the acetic 
series, in conipariaoii with liquids acidulatcid with hydrochloric 
acid, in proi)ortion similar to that in which it exists in gastric 
juice. • 

"‘J. It has bo(in determined empirically that the best results 
are obtained in artificial digestion when a liquid containing two 
per thousand of hydrochloric acid gas by weight is used. This 
corresiwnds to about 6 ‘25 cubic centimetres per litre of ordinary 
strong hydrochloric acid. The quantities of ]>ropionic, butyric, 
and valerianic acids resi)octivcly which arc required to neutralise 
as much base ns G*‘25 cubic ceiitiinefres of HCI, are in grammes 
•POi of propionic acid, 1H2 of butyric acid, and 5‘GB of valerianic 
aedd. It was therefore judged (expedient, in comparing the 
digestive powers of these acids with that of hydrochloric acid, to 
use thorn in these proiwrlions. 

“3. Five Jiundred cub. cent, of a liquid containing about 
8 cub. cent, of a glycerine extract of the mucous membrane of 
the stomach of a dog killed during digestion liaviug been i)rc- 
pannl, 10 cub. cent, of it were cvairorated and dried at 110°. 
This quantity yielded O’OOSl of residue. 

“4. Of this licpiid four quantities were taken which were 
severally acidulated witli hydrochloric, propionic, butyric, and 
valerianic acids, in the proportions al)ovo indicated. Each 
liquid was then ‘placed in a tulre, which \^as allowed to float in 
a water bath, containing a thermometer which indicated a 
temperature of 38° to 40" Cent. Into each, a quantity of un- 
lx)iled fibrin w’as introduced, and the whole allowed to stand 
for four hours, the tomperaturc being maintained during the 
whole time, and care iKjing taken that each contained through- 
out an excess of fibrin. At the end of the period each li(|uid 
was filtered. Of the filtrate, which of coursti contained as 
much of the fibrin as had been digested during the four hours. 
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10 cub. cent, were measured out and evaporated, and dried at 
110'’ as before. The residues were ros])ectively — 

“ In the liquid containing hydroeliloiic acid 0-4079 

„ „ pro[)ionic acid O OGOl 

„ „ butyric acid ()*14()8 

„ „ valerianic acid 0*1 *254 

“ Hence, deducting from each of those the alx)ve-mentioned 
residue, left when the digestive Iwiuid itself was evaporated, 
viz. 0 0031, we have, 

'* For propionic acid O OoTO 

„ butyric acid 0-1437 

„ valerianic acid 0‘12‘i3 

as compared vritli ()*4()4tS for hy<lrochloric acid; those several 
numbers expressing the quantities of fibrin by weight digested 
in presence of eciuivalent quantities of the resiHJctivo acids 
under identical conditions. 

'‘The results of the experiment may bo stated thus : — Tf 1(K) 
represent the digestive power of a licpiid containing pepsin with 
the usual proportion of hydrochloric acid, 14-0, &•!, and 30-2, 
will represent respectively the digestive powers of the three 
acids under investigation. 

“5. In a second experiment in whicdi the procedure was in 
every respect the same, excepting that all the tilings were 
plunged into the same water-bath, and the residues dried at 
115° C., the results wore as follows : — 

"Quantity of fibrin dissolvcii in four hours by 10 cub. cent, 
of the liquid — 

" Propionic acid .. .. 0-0563 

Butyric acid 00835 

Valerianic acid .. 0-0015 

" The quantity digested by a similar liquid containing 
hydrochloric acid was 0-3376. Hence, taking this as 100', the 
following numbers represent the relative quantities digested 
by the other acids : 

" Propionic acid 16-5 

Butyric acid 247 

Valerianic acid 16*1 

" 6. A third experiment of the same kind gave : 
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“ QuSntity of fibrin digested in four hours by 10 cub. cent, 
of the 1i(iuid : • • 

“ Hydrochloric acid .. .. 0’5i015 , 

Propionic acid .. .. .. 0'1490 

Butyric acid .. .. .. 0’1044 

Yaleriariic acid .. .. .. 0'05‘20 


“ Conii^aring, as l)cforc, the three last numbers with the first 
taken as l(X), the digestive power of propionic acid is repre- 
sented by l()-8; that of butyric acid by 35*8; and that of 
valerianic by 17*8. 

" The mc<an of tlicsc three sets of observations (hydrochloric 
acid being taken as 100) gives for 

“ Propionic acid 15*8 

Butyric acid .. .. .. 32*0 

Valerianic acid .. .. .. 21*4 

“ 7. A further experiment was made to ascertain whether the 
digestive activity of butyric acid (which was selected as lacing 
api)are*iitly the most (ifticacious) was relatively greater at ordinary 
temperatures than at the temperature of the body. It was 
found tliat whereas 10 cub. cent, of a licpiid containing the ordi- 
nary pro|)ortion of hydrochloric acid digested 0*1311 gramme, 
a similar liquid prcparetl with butyric acid digested 0*0455 
gramme of fibrin. 

Hence, taking the quantities digested with hydrochloric acid 
at the temperature of the l)ody as 1(X), we have the digestive 
power of hydrochloric acid at the temperature Of 16° to 18° 
Cent, represented by 41*9; that of butyric acid at the same 
temperature being 15*6.” 

We hero see that at the lowxu* of these tw'o temijcratures, 
hydrochloric acid with pepsin digests, within the same time, 
mther less than half the quantity of fibrin compared with 
what it digests at the higher temperature; and the power of 
butyric acid is retluccd in the same proportion under similar 
conditions and temperatures. We have also seen that butyric 
acid, which is much more efficacious than propionic or vale- 
rianic acids, digests with i)epsin at the higher temperature less 
than a third of the fibrin which is digested at the same tempera- 
ture by hydrochloric acid. 
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I will now gfvo ill ch^tail ex|)(‘riin(‘iits on tlui 
(ligostiAO power of tlu^ seeivtion of Drosc»ra, (liviiliii)^ 
the substjin(*c‘s tried into two series, namely those 
whieli iir(^ dijrestod more or less eoniphdidy, and those 
which are not di^<‘sted. AW' shall pr<.*sently see that 
all tlieso snhstanees art' aett'd on hy tin* gastric jniee 
of the hijrhor animals in the same mannt'r. I bt*^ 
leave to call attt'iition to tin' exjita-iments ninlor tin? 
head albumen, showing that the st.rrotioii loses its 
power when neutralised by an alkali, anti recovers it 
when an acid is added. 

Substances n^hieh arc completely or partially digested by 
the Secretion of Drosera, 

Albumen , — After liaving tried various substances, 
Dr. JJurdon Sanderst)n suggestetl tt> me the use of cnbt*s 
of cotigulatetl albumen t>r hard-bt)iled egg. I may prt‘- 
mise that fivtJ ruibes of the same size as those used in 
the following expt'riments were placed ft)r tlie sake of 
coinparistm at tin? same time on wet int)ss close to tin? 
plants of Drostwa. Tin? weatht'r was ht)t, anti aftt;r four 
days some of the cubes wt're discoloured and nn)uldy, 
with their angltjs a little rountl(?tl ; but tln^y were not 
surrounded by a zone of transparent Unit I as in tin* 
case of those undergoing digt'stion. Other cubes 
retained their angh's and white colour. After eight 
days all were somewhat reduced’ in size, discoloured, 
with their angles much rounded. Nevertheless in 
four out of the five specimens, the central jiarts wert' 
still w'liite and opaque. So that their state dillered 
widely, as wo shall see, from that of the cubes sub- 
jected to the action of the secretion. 

Experiment 1. — Bather largo cuIkjs of albumen were first 
tried; the tentacles were well inflcoted in 24 hrs.; after an 
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additional day the aii^?lcs of the cubes were dissolved and 
rounded;* but the cubes were too large, so that the leaves 
were injured, and after seven days one died and the otliers 
were dying. Albumen which lias been kept for four or^ifivo 
days, and which, it may be presumed, has begun to decay 
slightly, seems to act more quickly than freshly boiled eggs. 
As the latter w(U-e genemlly used, I often moistened them 
with a little saliva, to make the tentacles close more 
quickly. 

cf ci'imnd 2. — A cube of of an inch (i.c. with each side 
of an inch, or 2*ol niiii., in length) was placed on a leaf, and 
after 00 hrs. it was converted into a sphere about of an inch 
(1‘905 nim.) in diameter, surrounded by perfectly transi»arent 
fluid. After ten days the leaf re-expanded, but there was still 
left on th(5 disc a minute bit of albumen now rendered trans- 
parent. IMore albumen liad been given to this leaf than could 
be dissolved or digested. 

Kj'pvrihtont 8. — Two cuIkjs of albumen of of an iiicli 
(1'27 mm.) were idaeod on two leaves. After 46 hrs. every 
atom of one was dissolved, and most of the liquefied matter 
was absorbed, the flui<l which remained licing in this, as in all 
other cases, veiy acid and viscid. The other cube was acted 
on at a rather slower rate. 

E.r peri mint *1. — Two cubes of albumen of the same size as 
the last wore placed on two leaves, and were converted in 
00 hrs. into two large drops of transi)arent fluid; but wlieii 
these were removed from beu(^ath tlic inflected tentacles, and 
viewed by roflcctod light under the micvoscoj)o, flue streaks of 
white ofiaquo matter could be seen in the one, and traces of 
similar streaks in the other. The drops were replaced on the 
leaves, which i-c-cxpanded after 10 days; and now nothing 
was left cxcei)t a very little transparent acid fluid. 

Experiment 5. — Tliis experiment was slightly varied, so tliat 
the albumen might he more quickly exposed to tlic action of the 
secretion. Two cubes, each of about of an inch ( :635 mm.), 
were placed on the same leaf, and two similar cul)cs on another 


* In all luy luuiioroiw experi- 
ments oil the <lig(tsti()n of cubes 
of albumen, the angles and edgits 
were invariably first rounded. 
Now, Scliiff states ( Wie(;onA 
phys. de la Digestion,’ vol. ii. 
1807, p. 140) that tins is charac- 


teristic of tile digestion of albu- 
iiieii by the gastric jiiiee of aiii- 
iiiuls. On tile other hand, he 
remarks, ^Mes dissolutions, en 
chiiiiie, out lieu sur iouie la sur- 
face des corps eii contact avec 
I’agent dissolvjiut.” 
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leaf. These were examined after 21' hrs. 30 m., and all four 
were found rounded. After 46 hrs. the two cul)cs on tlic one 
leaf were completely liquefied, the fluid boiii^ perfectly trans- 
parent; on the otlier leaf some optupic white streaks could 
still be seen in the midst of the fluid. After 72 hrs. these 
streaks disap])earcd, but there was still a little viscid fluid 
left on the disc; whereas it was almost all al)sorl)ed on tlic 
first leaf. Both leaves were now beginning to re-expand. 

The l)ost and almost sole tost of the proseneo of 
some f(M*ment analogous to pt'psin in the seen »t ion 
appeared to be to mnitraliscj the acid of the seevetion 
with an alkali, and to obscjrve whetlier tlui proe<*ss 
of digestion eeased; and then to add a litth^ acid 
and ol)S(‘rve whetln^r the process recommenced. Hiis 
was done, and, as we shall sec‘, with success, but it 
was necessary first to try tw’o control experiments ; 
namely, whetb(»r the Jiddition of minute drops of 
water of the saim^ size as tliose of the dissolvcid 
alkalies to Ixi used would stop the ])rocc?ss of diges- 
tion ; and, seeondly, windber minute drops of weak 
hydroehlorie aci<l, of the soim* strength and siz(^ as 
those to ho used, would injure tlu‘ leaves. I'he 
two following experiments were therefore tried : — 

Erjm'imeni 6.— Small ciiIm?s of albumen were ymt on tlirco 
leaves, and minute drops of distilled water on tlic head of a jiin 
were added two or ihreo times daily. These did not in the 
least delay the ])roccss ; for, after 48 lirs., the cubes wore com- 
pletely dissolved on all tlircc leaves. On the third day the 
leaves bct!;nii to rc-cxiiand, and on the fourth day all the fluid 
was absorbed. 

Experimnit 7.— -Small culics of albumen were ])ut on tw’o 
leaves, and minute drops of hydrochloric acid, of the strength of 
one part to 4H7 of water, were added two or three times. This 
did not in the least delay, but seemed ratlier to hasten, the 
process of digestion; for every trace of the albumen disappeared 
in 21 hrs. 30 m. After three days the leaves partially re- 
expanded, and by this time almost all the viscid fluid on tlieir 
discs was absor>)cd. It is almost superfluous io state that 
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cul)os of albumen of the same size as those above used, left for 
seven days in a little hydrochloric acid of the above strength, 
retained all their angles as perfect as ever. 

PJj'jHirimcnt 8. — Culxjs of albumen (of of an inch, or 2*54 
mm.) were placed on five leaves, and minute dro^js of a solu- 
tion of one part of carbonate of sfKla to 437 of water were added 
at intervals to three of them, and dro])s of carbonate of i)otash 
of the same strength to the other two. The drops were given 
on the head of a rather large pin, and I ascertained that 
each was equal to alsmt of a minim (*0059 ml.), so that 
(‘ach contained only of a grain ( 0135 mg.) of the alkali. 
This was not sufficient, for after 4G hrs. all five cubes were 
dissolved. 

Kxperiinmt 9. — The last experiment was repeated on four 
leaves, with this difference, that drops of the same solution of 
carbonate of soda were addtid rather oftener, as often as the 
secretion became acid, so that it was much more effectually 
neutralised. And now after 24 hrs. the angles of three of 
the cubes were not in the huist rounded, those of the fourth 
being so in a very slight degree. Drops of extremely weak 
hydrochloric acid (viz. one part to 847 of water) were then 
added, just enough to neutralise the alkali which was still 
nresent ; and now digestion immediately roeommcncod, so that 
after 23 hrs. 30 m. three of the cubes wl*i*c coinidctely dis- 
solved, whilst the fourth was converted into a minute sphere, 
surrounded by transparent fluid ; and this sphere next day 
disappeared. 

K'jptrimcnt 10. — Stronger solutions of carbonate of soda and 
of potash were next used, viz. one part to 109 of water; and as 
the same-sized drops were given as l)efoi*e, each drop contained 
1 aW grain (•0539 mg.) of either salt. Two cubes of albu- 
iium (each about of an inch, or *635 mm.) were placed on the 
same leaf, and two on another. Each leaf received, as soon as 
the secretion became slightly acid (and this occurred four times 
within 24 hrs.), drops either of the sothi or ])otash, and* the acid 
was thus effectually neutralised. The experiment now succeeded 
l)orf(^otly, for after 22 hrs. the angles of the cubes were as shar]» 
SIS they were at first, and w^c know from experiment 5 thsit suc-h 
small cubes would have been completely rounded within this 
time by the secretion in its natural state. Some of the fluid was 
now removed with blotting-paix'.r from the discs of the leaves, 
and minute drops of hydrochloric acid of the strength of one 
part to 200 of Avatcr was added. Acid of this greater strength 
was used as the solutions of the alkalies were sti’oiiger. The 
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process of digestion now comniGiiccd, so tlmt within 18 hrs. from 
the time wlien the ncid was given the four enhes were not only 
completely dissolved, hut much of the liquefied nlhumeu was 
nl)borl)cd. 

Kjrjterinif'nt 11. — Two enhes of nlhumen (,\y of an inch, or 
•635 imn.) were placed on two loaves, and were tri‘iited with 
alkalies as in the last experiment, and with the same result ; 
for after 2*J lirs. they had their angles pm'feetly sharp, showing 
that the dige.stivo ]iroces.s liad l>oen eomj^letely arrested. 1 then 
WLsheil to ascertain wh.at would he the eftect of using stronger 
hydrochloric acid ; so I added minute drops of the strength of 
1 per cent. This ])rovod rattier too strong, for after 'IS hrs. 
from the time when tlic acid was addeil one ciihe was .still 
almost perfect, and the other only very slightly rounded, and 
hoth were stained slightly pink. This latter fact shows that the 
leaves were injured,* for during the nonnaL iiroecjss of iligestion 
the albumen is not thus coloured, and wo can thus undcrstaiitl 
why the cubes were not dissolved. 

From theso oxporimeiits avo (dcuirly seo that tin* 
socrotion has tlio power of dissolvin*^ alhinnon, and 
Ave furthor see that if an alkali is addod, tlio process of 
digestion is sto])p()d, hut immeiliatiily recoinineuc(*s as 
soon as the alkali is neutralised by weak hydrochloric 
acid. Kvmi if I had tried no other experiments than 
these, they would hav(* almost sntlicod to prove that 
the glands of Drosora secrete some ferment analo- 
gous to pepsin, Avhich in prosoin*.e of an acid gives 
to the secretion its power of dissolving allMiinimms 
compounds. 

Splinters of clean glass Avcrc* seattm'cd on a Jargt* 
number of leaves, and those heeamo moilerately in- 
flected. I'hcy wore cut off and divided into throe* 
lots; two of thorn, after being loft for some time in 
a little distilled water, were strained, and some dis- 

* Sachs remarks (‘Tniite de agents, allow all tlicir colouring 
Rot.’ 1S74, p. 774), that cells mutter to esc^apu into tlie snr- 
which arc killed by frr'cziiig, by rounding water, 
too great heat, or by cheiiiicul 
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coloured, viscid, slightly acid fluid was thus obtained. 
The third lot was well soaked in a few drops of 
glycc?rme, which is well known to dissolve pepsin. 
Cubes of albumen of an inch) were now^ placed 
in the three fluids in watch-glasses, some of w^hich 
were kf‘ 2 )t for several days at about 90° Fahr. 
( 32°-2 Cent.), and othtTs at tlie temperature of my 
room ; but none of the cubes w’ere dissolved, the 
angles remaining as sharp as ever. This fact pro- 
bably indicates that the ferment is not secreted until 
the glands are excited by the absorjition of a minute 
tjuantity of already soluble animal matter, — a con- 
clusion which is supjiorted by what we shall hereafter 
see with res})ect to l)iona.‘a. Dr. Hooker likewise found 
that, although the fluid within the ^utchors of Ne- 
l)eiithes j)oss(?ssos extraordinary ])ower of dig(»stion, yet 
wlnui removed from the pitchers before they have 
been excited and phicc'd in a vessel, it has no such 
j)ower, although it is already acid ; and we can 
account for this fact only on the su])position that tlu^ 
prop(?r fcriiHuit is not secreted until some exciting 
matter is absorbed. 

On three otluT occasions eight leaves were strongly 
excited with albumen moistened with saliva; they 
wore then cut ofl’, and allowed to soak for several 
hours or for a whole day in a few drops of glycerine. 
Some of this extract was a<lded to a little hydro- 
chloric acid of various strengths (gcuierally one to 
400 of water), and minute crubes of albumen were 
placed in the mixture.* In two of these trials the 
cubes were not in the h'ust acted on ; but in the third 


• As a control exporiiiioiit bits 
of nlbiimc'n were placed in the 

same* f^lyrc-rine with hydrochlorio 

iwiifl of the same streiifftli: ***mI 


the albumen, as mijrht have been 
ex]H‘ctud, was not in the least 
affected after two days. 
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tho experiment was successful. For in a vessel con- 
taining two cubes, both were reduced in size in 8 Iirs. ; 
tand after 24 lirs. im^ro streaks of uiidissolved albu- 
men were left. In a s('eond vessel, containing two 
minute ra*rsed bits of all)uinen, both were likewiscj 
reduced in size in 8 lu*s., and after 24 hrs. eoinplotely 
disappearo<l. I then ad(]ed a little W(‘ak hydro- 
chlorii; acid to both vess(4s, and placed fresh (udxjs 
of albumen in tluun; but these were not aidtMl on. 
This latt(?r fact is intelli<riblo ac*eordin^ to the liijjfli 
autliority of Schiff,* who has d(*inonstrat(Ml, as he 
believes, in opposition to tho vhjw held by some 
physiologists, that a certain small amount of pepsin 
is destroyed during tlie fict of digestion. So that if 
my solution contaiiKMl, as is probable, an extreiiujly 
small amount of tlio ferment, this would have been 
consumed by tho dissolution of tho cubes of albunuin 
first given; none being loft when the hydrocJiIoric 
acid was added. Tho destruction of tlie fcTinent 
during the pro(’e«s of dig(*stion, or its absorption after 
the albumen had been converted into a jHJptone, will 
also account for only one out of tluj three latter sets 
of experiments having been suc;cossful. 

Digestion of Roast Meat — Cubes of about of an 
inch (1*27 mm.) of moderatedy roastcjd im^at wore 
placed on five loaves which became in 12 hrs. cJosely 
inflcctcHl. After 48 hrs. I gently^ opened one leaf, and 
tho meat now consisted of a minute central si)herc, 
partially digested and surrounded by a thic.k env(doj)e 
of transparent viscid fluid. Tho whole, without being 
much disturbed, was removed and placed under the 
microscope. In the central part the transverse stria) 
on the muscular fibres were quite distinct; and it was 


* ‘ Le<;ons phys. lu Digestion,’ 18G7, torn. ii. pp. 



Chap. VI, 


DIGESTION. 


99 


interesting to observe how gradually they disappeared, 
when the same fibre was traced into the surrounding 
fluid. They disappeared by the striae being replai^ed 
by transverse lines formed of excessively minute dark 
points, wliich towards the exterior could bo seen only 
under a very high power ; and ultimately tliese points 
were lost. AVhcii 1 made these observations, I had 
not read Schiirs siccount* of the digestion of meat 
by gastric juice, and I did not understand the mean- 
ing of the dark i)()ints. lint this is explained in the 
following statement, and we further see how' closely 
similar is tlie process of digestion by gastric jui(!(? an<l 
by the secrcition of 1 Irosera. 

“ On a dit quo 1o siic gastriqiio fnisnit perdre a la fibre muscii- 
laire ses strlcs traiisvcrsalcs. Aiiisi anonevo, cette proposition 
Ijourniit doniier lieu a unc equivoque, car ce qiii se perd, ce n’est 
quo Vaapect exterieiir de la strinturo et non les elements anato- 
miqnes qui la composont. On sait quo les stries qui donnent uii 
aspect si caracteristique a la fibre inusculaire, sent Ic rosultat do 
la juxtaposition et du parallelismc dcs corpusculcs elcmentaires, 
places, ii distances ogalcs, dans rinterieiir des fibrilles contigues. 
Or, des quo lo tissu conncctif qui relic ciitro cllcs les fibrilles 
elenientaires vieiit a sc gonfler et a so dissoudre, et que les 
fibrilles clles-memcs sc dissocient, ce parallelismc cst detruit et 
avec lui Tasiwct, le ])henomenc ojitique dcs stries. Si, apros la 
desagrogation des fibres, on examine au microscope les fibrilles 
olemeiitaircs, on distingue encore tres-nettement a leur intericur 
les corpusculcs, et on continue a les voir, de plus en plus pales, 
jusqu’au moment ou les fibrilles clles-memes se liquofient ct dis- 
imraisscnt dans lo sue gastriquo. Co qui coiistitiio la striature, 
a proprement parlor, n’est done pas detruit, avant la lique- 
faction de la fibre chariiuo elle-meme.” 

In the viscid fluid surrounding the contnil sphere of 
undigested meat there were globules of fat and little 
bits of fibro-elastic tissue; neither of which were in 


♦ ‘Lemons i)liyB. do lu Digestion,* tom. ii. p. 145. 

II 2 
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the least digested. There were also little free paral- 
lelograms of yellowish, liiglily transhieont matter. 
SoHiflF, in speaking of the digestion of m(»at by gastric 
juice, alludes to such parallelograms, and says ; — 

“ Le goDflcmont par lequol commence la digestion dc la viandc, 
ivsulto dc Taction du sue gastriqno acide sur le tissii connect if 
qui sc dissout d’abord, et qni, par sa liquefaction, desagirgo los 
fibrillcs. Cclles-ci se dissolvent ensuito en grfindc partic, niais, 
avant dc passer ii Tctat liquidc, dies tendent a so briscr en 
]>otits fragments transvereaux. Les ^sarams tivwnts* d(j 
Bowman, qui no sont autro clioso quo los prodnits de cettc 
division transvcrsalo des fibrilles clcmeiitaircs, pouvent etre 
prepares et isolt^s a Taide du sue gastric (no, jK^urvu qu’on 
iTattend jws jusquVi la liquefaction completo'^ du muscle.’* 

After an interval of 72 hrs., from the time wJien 
the five cubes were placed on the leaves, I oj)ened the 
ibur remaining ones. On two nothing could be seen 
but little mass(‘s of traus])arent viscid fluid ; but 
wlien tlu^se wore examined nnd(‘r a liigh ])ower, 
fat-globules, bits’ of fibro-elustic tissue, and some few 
jiarcallelograms of sarcons matter, could be distin- 
guished, but not a vestige of trans>'erse stri/e. On the 
otlier two leaves tJuu-c? wrrn miiinte spheres of tuily 
liartially digested meat in the centre of much trans- 
jmreiit fluid. 

Fibrin . — Bits of fibrin wore left in water during 
four days, whilst tin? following exporinuMits were 
tried, but they wor(3 not in the least aided on. The 
fibrin which I first used was not jmre, and included 
dark particles : it had eithi^r ^lot been well prepared 
or had subsequently nndiu-gono some change. Tliin 
[lortions, about yV of an inch square, were placed 
oil several leaves, and though the fibrin was soon 
liquefied, the whole was never dissoh^ed. Smaller 
|)articles were then placed on four leaves, and minute 
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drops of hydrooliloric acid (one part to 437 of 
water) were added ; tliis seenied to hasten tlie process 
of di^^estion, for on one leaf all was li(£uefied and 
absorb(‘d after 20 hrs. ; but on the three other loaves 
some undissolved residue was left after 48 hrs. It 
is remarkable that in all the above and followinj^ 
experiments, as well as when mii(*h larger bits of 
ii brill w<'re used, the h5aves were very little excited ; 
and it was sometimes necessary to add a little saliva 
to induce complete inflection. The leaves, moreover, 
began to re-ex])and after only 48 hrs., whereas they 
w'oiild Jiave remained inflected for a much longer 
time had insects, meat, cartilage, albumen, &c., been 
pi act'd on them. 

I then tried some pure white llbrin, sent me by Dr. 
Jhirilon Sanderstm. 

Ejr}>crim<nt 1. — Two particles, barely of an inch (1*27 inni.) 
wpiaro, wore placed on opposite sides of the same loaf. One of 
these did not oxcito the surrounding tentacles, and the giant ( 
on wliich it rested sqpn dried. The othei^iiarticle c<atrBed a few 
of the short adjoining tentacles to be inflected, the more distant 
ones not being affected. After 24 lirs. both wero almoBt, aud 
after 72 hrs. completely, dissolved. 

Expert men t 2. — Tlio same experiment with the same result, 
only one of tho two bits of fibrin exciting the short surround- 
ing tentacles. ’ This hit w^as so slowly acted on that after a 
day I pushed it on to some fresh glands. In three days from 
tho time when it was first placed on tho leaf it was completely 
dissolved. 

Exjirrhatnt 3. — Bits of fibrin of nlx>ut the same size os before 
were placed on tlio discs of two leaves ; tlicso caused very little 
inflection in 23 hrs., but after 48 hrs. both ■were well clasped by 
tho surrounding short tentacles, and after an additional 24 hrs. 
wore completely dissolved. On tho disc of one of these leaves 
much clear acid fluid was left. 

Experiment 4. — Similar bits of fibrin were placed on the discs 
of two leaves; as after 2 hrs. tho glands seemed rather dry, 
they were freely moistened with saliva; this soon caused 
strong inflection both of tho tentacles and blades, with copious 
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secretion from tlio glands. In 18 lirs. the fibrin was Com- 
pletely liquefied, but undigested atoms still floated in the 
liquid; these, however, disapix?arcd in under two addifioiial 
day.**. 

From these exj)eriments it is el(*ar tlnit tin? scere- 
tioii (jompletely dissolves pure fibrin. The rate of 
dissolution is ratln^r slow; but this depends merely 
on this substance not ('xcitinji^ the heaves suflicic?ntly, 
so that only the immediately adjoining temtaeJes arc 
inflected, and the su[)])ly of secretion is small. 

. Syntonin , — This substance, extracted from muscle, 
was kindly prepared for me by Dr. ]\lo()r(\ Very 
differently from fibrin, it acts cpiic.kly and energetic- 
ally. Small portions ])laced on the discs of three 
leaves caused their tentacles and blades to bo strongly 
inflected within 8 hrs. ; but no further observations 
were made. It is probably duo to the ])r(»S('nco of 
this substance that raw meat is too powerful a stimu- 
lant, often injuring or even killing the leaves. 

Areolar Tissue , — Small portions of this tissue from a 
sheep were placed on the discfs of three leaves ; th(‘se 
became moderately w(.dl inflected in 24 hrs., but began 
to re-expand after 48 hrs., and wore fully re-('xpanded 
in 72 hrs., always reckoning from the time when the 
bits were first given. This substance, therefore, like 
fibrin, excites the leaves for only a short time. The 
residue hjft on the leaves, after ‘they were fully rc- 
expandod, was examined under a high power and 
found much altered, but, owing to the presence of a 
quantity of clastic tissue, which is never acsted on, 
cjould hardly be said to be in a liquefied condition. 

Some areolar tissue free from elastic tissue was next 
l^rociircd from the visceral cavity of a toad, and 
moderately sized, as well as very small, bits .were 
placed on five leaves. After 24 hrs. two of the bits 
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wore c()iii])lctely li(juefn3(l; two others were rc*n(ler(5(l 
transparent, but not quite licjuoliecl ; whilst the fifth 
was hut little afliJctiMl. Several glands on the tlyee 
latter leaves were now inoisbnied with a little saliva, 
which soon caused much inflection and secretion, 
with the result that in the course of 12 additional 
hrs. one leaf alone showed a remnant of undigested 
tissue. On the discs of the four other leaves (to one 
of which a rather large bit had been given) nothing 
was left except some transparent viscid fluid. I may 
add that some of this tissue included points of black 
pigment, and these wore not at all aftected. As a 
control experiment, small portions of this tissue wore 
left in wat(?r and on W(it moss for the same length of 
tiiiKs and remained white and oj)ac|ue. From those 
facts it is clear that areolar tissue is easily and 
quickly digested by the secretion; but that it does 
not greatly excite the leaves. 

Cartilage . — Three cubes (y'„ of an inch or 1*27 mm.) 
of white, traiisliKJOut, extreimdy tough cartilage were 
cut ii’om the end of a slightly roasted log-bone of a 
sheep. These were placed on three leavi's, borne by 
poor, small plants in my greenhouse during Novem- 
ber ; and it seemed in the highest degree improbable 
that so hard a substance would be digested under 
such unfavourable circumstances. Nevertheless, after 
48 lirs., the cub(*s were largely dissolved and con- 
verted into minute spheres, surrounded by trans- 
parent, very aci<l fluid. Two of these sphere's were 
completely soft(3ned to their centres ; whilst the third 
still contained a very small irregularly shaped core 
of solid cartilage. Their surfaces were seen under 
the microscope to be curiously marked by prominent 
ridges, showing that the cartilage had been un- 
equally corroded by the secretion.. I need hardly 
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say that cubes of the same cartilage, kept in water 
for the same length of time, were not in the least 
al|ecte(l. 

During a more favourable ^sejison, inoclorately sized 
bits of the skinned ear of a cat, wliieh includes 
cartilage, areolar and elastic tissue, were ])laeed on 
three leaves. Some of the glands were toiudiod with 
saliva, wliicJi caused prompt inflootion. Two of tlie 
leaves began to re-ex])and after three days, and the 
third on the fifth day. The fluid resitluo h.*ft on 
their discs was now examined, and consisted in one 
case of perfectly transi)artuit, viscid matt('r; in the 
other two cases, it contained some clast i(; tissue and 
apparently remnants of half digested areolar tissue. 

• Fihro-cartUage (from between the vertebra> of the 
tail of a sheep). Sbxlerately siz(‘d and small bits 
(the latter about of an inch) were jdaeed on nine 
loaves. SoiUQ of these were well an<l sonn; very little 
inflected.' In tlio latter ciise the bits were dragged 
over the discs, so that they Avore Wfdl bedaubed 
with the secretion, and many glands thus irritated. 
All the leaves re-expand(5d after only two days ; so 
that they were but little excited by this substance. 
The bits were not luiuefied, but were certainly in an 
altered condition, being swollen, much more trans- 
parent, and so tender as to disintegrate very easily. 
My son Francis prepared some artificial gastric juice, 
which was proved cfiicient by quickly dissolving 
fibrin, and suspended iwrtions of the fibro-eartilage 
in it. These swelled and became hyaline, exactly like 
those exposed to the secretion of Droscira, but were 
not dissolved. This result surprised me much, as 
two physiologists w^ero of opinion that fibro-eartilage 
would be easily digested by gtistric juice. I there- 
fore asked Dr. Ulcin to examine the specimens ; and 
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he reports that the two which had been subjected to 
artitieial gastric juice were ‘*in that state of diges- 
tion in which wo find connective tissue when treated 
with an acid, viz. swollen, more or less hyaline, the 
fibrillar bundles having become homogeneous and lost 
tlieir fibrillar structure.” In the specimens which had 
b('en left on the leaves of Drosera, until they re- 
expanded, “pirts were altered, though only slightly 
so, in the same manner as those subjected to the 
gastric juice, as they had become more transparent, 
almost hyaline, with the fibrillation of the bundles 
indistinct.” Eibro-cartilage is tht*refore acted on in 
nearly the same manner by gastric juice and by the 
secretion of Drosera. 

Horn. — Small smooth bits of the dried hyoidal 
bone of a fowl moistened with saliva were placed on 
two h'aves, and a similarly moistened splinter of an 
extremely hard, broiled mutton-chop bone on a third 
leaf. These leaves soon became strongly inflected, 
and remained so for an unusual hmgth of time ; 
namely, one leaf for ten and the other two for nin« 
days. The bits of bone were surrounded all the time 
by acid secretion. When examined under a weak 
power, they were found quite softened, so that they 
were readily penetrated by a blunt needle, torn into 
fibres, or compressed. Dr. Klein was so kind as to 
make sections of both bones and examine them. He 
informs me that both presented the normal appearance 
of decalcified bone, with traces of the earthy salts 
occasionally left. The corj)Uscl(?s with their processes 
were very distinct in most parts ; but in some parts, 
especially near the periphery of the hyoidal bone, 
none could be seen. Other parts again appeared 
amorphous, with even the longitudinal striation of. 
bone not distinguishable. This amorphous structure, 
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as Dr. Klein tliinks, may lx? tho result either of the 
incipi('iit (lip^estion of tho librous basis or of all the 
aniinal matter having been n^movt'd, tho cor|ais(d(JS 
being thus rcuidercxl invisible. A hard, brittle, yellow- 
ish siibstanee oecupied the position of the medulla 
in the fragments of the liyoidal bone. 

As tho angles and little projections of tho librous 
basis were not in the l(»ast roundcMl or eorrod(.*d, two of 
tho bits were placed on fresh leaves. l'h(‘se by the 
next morning were clos(dy inflected, and numiined 
so, — the one for six and the otluT for s(‘V(ui days, — 
therefore for not so long a time as on the liist occasion, 
but for a much longer time than e^'o^ occurs with 
loaves inflected over inorganic or (^ven over many 
organic bodies. Tho secr(?tion during the whole time 
coloured litmus paj)er of a bright red ; hut this may 
have been duo to the pres(uice of the acid sui)er- 
phosphato of lime. When the leaves re-( expanded, tho 
anghjs and projections of the fibrous basis were as 
sharp as ever. 1 therefore concluded, falsely as we 
.shall presently sec, that the* secretion cannot touch 
the fibrous Ixisis of bone. The more probable expla- 
nation is that the acid was all (;«)nsumcd in decom- 
posing the jjhosphate of lime which still remained ; 
so that none was left in a free state to act in con- 
junction with the ferment on the fibrous basis. 

Enamel and Dentine . — As the secretion decalcified 
ordinary bone, I determined to try wheth(*r it would 
act on enamel and dentine, but did not expect that it 
would succeed witli so hard a substance as enamel. 
Dr. Klein gave me some thin transverse slices of 
tho canine tooth of a dog; small angular fragments 
of whic.h w«‘re placed on four leaves; and these were 
examined each succeeding day at the same hour. The 
results arc, I think, worth giving in detail. 
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Kj'periment 1. — May 1st, fragment placed on leaf ; 3r(l, ten- 
tacles but little inflected, so a little saliva was added ; 6th, as 
the tentacles 'were not strongly inflected, the fragment was 
transferred to another leaf, which acted at first slowly, hut Jiy 
the 9th closely embraced it. On the llth this second leaf 
began to re-expand; the fragment was manifestly softened, and 
Dr. Klein roi)orts, *‘a great deal of enamel and the greater 
part of the dentine decalcified.” 

Kxpt^rimvnt 2. — May 1st, fmgment placed on leaf ; 2nd, ten- 
tacles fairly well inflected, wdtli much secreticiii on the disc, and 
remained so until the 7th, when the leaf rc-cxi)anded. The 
fin-gment was now trjinsferred to a frcish leaf, which next day 
(8tli) was inflected in the strongest manner, and thus remained 
until the lltli, when it re-expanded. Dr. Klein reports, a great 
deal of enamel and the greater imrt of the dentine decalcified.” 

Kxpvrinitut 3. — Mtf,y 1st, fingmeiit moistened with saliva and 
pla(;(Ml on a leaf, which remained well inflected until 5th, when 
it re-expanded. The enamel w^as not at all, and the dentine 
only slightly, softened. The fragment was now transferred to a 
fresh leaf, which next morning (Gth) was strongly inflected, and 
remained so until the llth. The enamel and dentine both now 
somewhat softened ; and Dr. Klein reports, " less than half the 
onainel, but the greater part of the dentine, decalcified.” 

KxjHrhnant 4.— May 1st, a minute and thin bit of dentine, 
moistened with saliva, W’as placed on a leaf, which was soon 
inflected, and rc-expanded on the 5th. The dentine had become 
as flexible as thin pajier. It was then transferred to a fresh leaf, 
wliich next morning (6tli) was strongly inflected, and reopened 
on the loth. The decalcified dentine was now so tender that it 
was torn into shreds merely by tho force of the re-expanding 
tentacles. 

From tliose oxporimonts it appears that enamel is 
attacked by tho secretion with more difliculty than 
dentine, as might have been expcct(;d from its ex- 
treme hardness ; and both with more difficulty than 
ordinary bone. After the process of dissolution has 
once c(nnmenc(jd, it is carried on with greater c.‘ase ; 
this may bo inferred from the leaves, to whicdi the 
fragments were transfemid, becoming in all four cases 
strongly inflected in tho course of a single day ; whereas 
the first set of leaves acted much less quickly and 
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enorgoticjilly. The angles or projections of the fibrous 
basis of tlie enamel ami dontine (ex(!e])t, ixirliaps, in 
No. 4, which could not bo wc»Il obs(»rv(Ml) W(‘re not in 
the least rounded ; and Dr. Klein remarks that tlioir 
microscopical structure was not altered. Ihit this 
could not have been expected, as the d**cahdfication 
was not complete in the three specimens which were 
carefully examined. 

Fibrous Basis of Bone . — I at first concluded, as 
alreaily stated, that tlie st'crotion could not digrst this 
substance. I therefore asked J)r. Ihirdon Sanderson 
to try bone, enamel, and dentine, in artiiicial gastric 
juic.e, and he found that tlu‘y w(‘ro aft(T a (considerable 
time (jompletoly dissolved. J)r. Khiiii (‘xamim^J scjme 
of the small lamcllje, into whmh part of the skull of a 
cat became broken up after about a W(»ok’s immersion 
in the fluid, and he found tliat towards the edges the 
“ matrix appeared rarilied, thus producing the ai>pcar- 
ance as if the canaliculi of the bone-corjuisch^s had 
become larger. Otherwise the corj)Uscles and their 
<3analiculi were very distinct.” So that with bone 
subjected to artificial gastric juicic (;omi)l(5te de- 
calcification precicdos the dissolution of the fibrous 
basis. Dr. liurdon Sanderson suggested to mo that 
the failure of Drosora to digest the fibrous basis of 
Ixinc, enamel, and dentine, might be due to the acid 
being consumed in the decomposition of the earthy 
salts, so that there was none left for the work of 
digestion. Accordingly, my son thoroughly decal- 
cified the bone of a sheep with weak hydrocdiloric 
acid; and seven minute fragments of the fibrous 
basis were placed on so many leaves, four of the 
fragments b(jing first damped with saliva to aid 
prompt inflection. All seven leaves b<!came inflected, 
but only very moderately, in the course of a day. 
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They quickly began to re-oxpand ; five of them on 
the second day, and the otluir two on the third day. 
On all seven hjavos the fibrous tissue was converted 
into perfectly transpanmt, viscid, more or loss Ii([ue- 
fied little masses. In the middle, however, of one, 
my son saw under a high power a few corpuscles, 
with traces of iibrillation in the surrounding trans- 
panmt iiuitter. Froni these faiits it is clear that the 
leav(‘s are \OTy little excited by the fibrous basis of 
bone, but that the secretion easily and quickly lique- 
fies it, if thoroughly deealcified. The glands which 
had remained in coJilact for two or three days with 
the viscid inasse*^ were not discoloured, and appa- 
rently* had absorbed little of the liquefied tissue, 
or had been little affect(Hl by it. 

Phosphate of Lime . — As wc have seen that the ten- 
tacles of the first set of leaves remained clasj)ed for 
nine or ten days over minute fragments of bone, and 
the tentacles of tlie second S(‘t for six or seven days 
over the same fragments, I was led to suppose that 
it was tlu^ phosphate of lime, and not any included 
animal matter, which eaiused such long continued in- 
flection. It is at least certain from what has just been 
shown that this cannot havc^ been due to the presences 
of the fibrous basis. AVith enamel and dentine 
(the former of which contains only 4 j)er cent, of 
organic; matter) the tc'iitacles of two suc(?essive sets 
of leaves remaiiKHl inflected Jiltugctlier for elcAcn 
days. In order to test my belief in tlie potency of 
phosphate of lime, I procured some from Prof. Frank- 
land absolutely free of animal matter and of any acid. 
A small (juantity moistened with water Avas placed 
on the discs of tAVo leaves. One of these Avas only 
slightly affected ; the other remain(?d closely inflected 
for ten days, Avhen- a feAv of the tentacles began to 
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re-expiintl, the rest being miioli injured or killed. I 
rej)eiited the expoririient, but inoisb'iiotl the pliosphate 
wjth saliva to insure prompt iiillectum ; one leaf re- 
mained infleeted lor six days (the littto- saliva used 
would not have acted for nearly so long a tinu^) and 
then died ; the other loaf tried to re-expaiid on the 
sixth day, but after nine days failed to do so, and 
likewise died. Although the quantity of phosphate 
given to the above four leaves was extrenudy small, 
much was left in every ease undissolved. A larger 
quantity wotted with water was next placed on the 
discs of thr(‘e leaves ; and those becjame most strongly 
inflecjted in the eourscj of 21 hrs.' They never ro 
expanded; on the fourth day they looked sickly, 
ami on the sixth were almost dea<l. Large droj)s 
of not very viscid fluid Ining from their edges during 
the six days. This fluid was tested each day with 
litmus paper, but never coloured it; and this cir- 
cumstance I do not undersbmd, as the superphosphate 
of lime is acid. I suppose that some super[)hosj>hate 
must have b(M.*u fonned by the acid of the secretion 
acting on the phosphate, but tliat it was all absorbed 
and injured the leaves ; the largf3 drops which liung 
from their (nlges Ijciiig an abnormal and dropsical 
secretion. Anyhow, it is manifest that the phos- 
])hate of lime is a most powerful stimulant. Even 
small doses are more or less poisonous, probably on 
the same principle tluit raw meat and other nutri- 
tious substances, given in excess, kill the leaves. 
Hence the comjlusion, that the long continued in- 
flection of the tentaedes ov(^r fragments of bone, 
enamel, and dentine, is caused by tlie pnisence of 
phosphate of lime, and not of any included animal 
matter, is no doubt correct. 

Gelatine , — I used pure gelatine in tliiii slioets^ given 
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me by Prof. HoflFmann. For eomparison, squares of 
the same size as those placed on the leaves were left 
close by on wet moss. These soon swelled, but Re- 
tained their 'angles for three days; after five days 
they formed rounded, softcMied masses, but even on the 
eiglith day a trace of gc^latine could still be detected. 
Other s(piares were immersed in water, and those, 
though rnueli swollen, retained their angles for six 
days. S([uar«\s of of an inch ( 2*54 mm.), just 
moisteiKid with water, were plucked on two leaves ; and 
after two or thr(^o days nothing was left on them but 
some acid viscid fluid, which in this and other cases 
lUivcT showed any temlency to regelatinise ; so that 
the sc'cretion must act on the gelatine differently 
to what water does, and apparcmtly in the same 
manner as gastric juice.* Four squares of the same 
size as before were then soaked for throe days in water, 
and jilaccd on large loaves ; the golatiiui was liquefied 
and rendered acid in two days, but did not excite 
much inflection. The leaves b(‘gan to re-expand after 
four or live days, much viscid fluid being left on their 
discs, as if but little had been absorbed. One of these 
leaves, as soon as it rc-expaiidcd, caught a small fly, 
ami after 24 hrs. was closely inflected, showing how 
much more potent than gelatine is the animal matter 
absorbed from an insect. Some larger pieces of gela- 
tine, soaked for five days in water, were next placed 
on thr(^e leaves, but these did not become much in- 
flectccl until the third day ; nor was the gelatine 
completely liquefied until the fourth day. On this 
day one leaf began to re-expand ; the second on the 
fifth ; and third on the sixth. These several facts 

* Dr. Laiidor nrunton, ‘ Hand- phys. do la Uigestion,* 1867, p. 
l»o<)k for tlie IMiys. Ijaboratory/ 249. 

1S79, pp. 477, 487 ; SSchift', ‘ Ijc^ous 
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prove that gelatine is far from acting energetically 
on Drosera. 

Jn the last chapter it was shoAvn that a solution of 
isinglass of commerce, as thick as milk or cream, 
iiirluces strong inflection. I therefore wished to com- 
pare its action with that of pure gelatine. Solutions 
of one part of hoth substances to 218 of water wore 
made ; and half-minim drops (-0296 ml.) were placed 
on the discs of eight leaves, so that each received 
7*1-0 of a or *135 mg. The four with the isin- 

glass were much more strongly inflected than the 
other four. I conclude therefore that isinglass con- 
tains some, though perhaps very little, soluble albu- 
minous matter. As soon as these eight leaves re- 
expanded, they were given bits of roast moat, and in 
some hours all became greatly inflected; again show- 
ing how much more meat excites Drosera than does 
gelatine or isinglass. This is an interesting fact, as 
it is well known that gelatine by itscMf has little 
power of nourishing animals.* 

Chondrin , — This was sent me by Dr. Moore in a 
gelatinous state. Some was slowly ilricd, and a small 
ijhip was placed on a leaf, and a much larger chip on 
a second leaf. The first was li(£Uofied in a day ; the 
larger piece was much swollen and softened, but was 
not completely liquefied until the third day. The 
undried jelly was next tried, and as a control experi- 
ment small cubes were left in water for four days 
and retained their angles. Cubes of the same size 
were placed on two leaves, and larger cubes on two 
other leaves. The tentacles and laminm of the latter 
were Vlosely inflected after 22 hrs., but those of the 


* Dr. Laudur Brunton give» viuw of tho indirect part \vliirli 
in the * Medical Rcconl,* January gelatine playH iu nutrition. 

1S7S, p. 30, an account of VoiCa • 
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two leaves with tlic smaller cubes only to a moderate 
d(?o:rec. T1 u 3 jelly on all four was by this time lique- 
fied, and rendered very acid. The glands w(ye 
blackened frohi the aggregation of their i)rotoplasmi(i 
contents. In 46 hrs. from the time when the jelly 
was given, the leaves had almost re-expanded, and 
(M)mpiot(4y so after 70 hrs. ; and now only a little 
slightly adhesive fiuid was loft unabsorbed on their 
discs. 

Olio })art of chondrin jelly was dissolved in 218 
parts of boiling water, and half-minim drops wcri* 
given to four leaves ; so that each received about J „ 
of a grain (’135 mg.) of the jelly ; and, of courses 
much loss of dry chondrin. I'his acted most power- 
fully, for after only 3 hrs. 30 m. all four leaves were 
strongly inflected. Throe of them began to re- 
exjiaud after 24 hrs., and in 48 hrs. were com])letoly 
open ; but the fourth had only partially re-expanded. 
All the licpiefled chondrin was by this time absorbed. 
Ibnicc a solution of chondrin seems to act far more 
quickly and energ(jtically than pure gelatine or isin-- 
glass; but I am assured by gootl aiitlioritios that it 
is most difficult, or impossible, to know whether 
ch«mdrin is pure, and if it contained any albumi- 
nous compound, this would have produced the above 
effects. Nevertheless, I have thought these facts worth 
giving, as there is so much doubt on the nutritious 
value of gelatine ; and Dr. Lauder Brunton does not 
know of any experiments with respect to animals on 
the relative value of gelatine and chondrin. 

Milk , — We have seen in the last chapter that milk 
acts most powerlully on the leaves ; but whether this 
is due to the contained casein or albumen, I know not. 
Rather largo drops of milk excite so much secretion 
(which is very acid) that it sometimes trickles down 
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from the leaves, ami this is likewise characteristic of 
fhomically prepared casein. ]\Iimite <lrops of milk, 
plactnl on loaves, were coagulated in- about ten 
minutes. SchilV deui(‘s* that the coagulation of milk 
by gastric juice is exclusively due to the acid which 
is presemt, but attribut(‘S it in ])art to the pepsin; 
and it stjems doubtful whotln'r witli Drosera the 
ifoagulathm can be wholly due* to the acid, a.s the 
secretion does not commonly colour litmus ])aper 
. until the tentacles have bcconui w(d] inll(*c.ted ; 
whereas tlie (?oagulatiou (?ommenc.<*s, as wo have scicii, 
ill about ten miiiutos. Minute drojis of skijinned 
milk were iilaced on the discs of five leaves; and a 
large proportion of the c.oagulatcd matt (a* or cnird 
was dissolved in C hrs. and still inon^ (?omplotely 
ill 8 hrs. These leaves re-expanded after two days, 
and the viscid fluid left on their discs was tli(‘n can^- 
fully scraped ofl* and examined. It seemed at first 
siglit as if all the casein had not been dissolved, for 
a little matter was left whictli appeared of a wliitish 
colour by reflected light. Jhit this matten-, when 
examined under a high ])ow(.»r, and when comparcjd 
with a minuto droj) of skimmed milk coagulabMl by 
aceth; acid, was seen to consist (jxedusively of oil- 
globules, more or less aggregated togetln^r, with no 
trace of casein. As I was not familiar with the 
. microscopical appearance of milk, I asked Dr. Lauder 
Ilrunton to examine the slides, and he tested the 
globules witli ether, and found that they wen^ dis- 
solved. We may, therefore, conclude that the secretion 
(pih?kly dissol^ves casein, in the state in which it exists 
in milk. 

Chemically Prepared Casein . — This substance, wliicdi 


♦ * Logons/ &c. tcm. ii. p. 151. 
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is iiisolul)le in water, is supposed by many chemists tn 
diffdjr Iroiii the casein of fresh milk. I procured some, 
coiisistiiif^ of hard globules, from jMcssrs. Hopkins inid 
Williams, and tried many experiimmts Avith it. Small 
particics and the j^owder, both in a dry state and 
moistened with Avater, causiid the leav'es on Avhich thc'v 
w(?r(j ])lac(Ml to be inileeted very slowly, g(;nerally not 
until tAvo days had elapsed. Other particles, Avetted 
Avith Av«'ak hydroehloru; acid (one part to 437 of 
water) a(;ted in a single day, as did some casein 
freshly ])re pared for me by Dr. ]\roore. The teii- 
tiU^les commonly remained inll(*eted for from scAcm 
to nine days ; and during the Avhole of this time the 
s(M*T(ition Avas strongly acid. Even on the eleA’entli 
day s()me s(‘eretion left on the disc of a fully r(‘- 
ex]>and(*d leaf aajis strongly acid. The ai'id scjoms 
to be acMfroted quieddy, for in one ease the s(M*re- 
tion from the discal glands, on Avhich a little 
poAvdered casein had been strcAvod, coloured litmus 
])aper, before any of the exterior tentacles Aven* 
inil(j(}tod. 

Small cubes of hard casein, moistened Avith Avater, 
Avere j)laced on two leaves ; after three days one cube 
had its angle's a little roiuided, and after soatu days 
both consisted of rounded softened masses, in the 
midst of much viscid and acid secretion ; but it must 
not bo inferred from this fact that the angles wert' 
dissolved, for cubes immersed in Avater Avere similarly 
acted on. After nine days these leaves began to re- 
expand, but* in this and other cases the caseiu did not 
appear, as far.as could be judged by the eye, much, if 
at all, reduced in bulk. According to IIoppe.-S(^yler 
and Lubavin* casein consists of an albiuninous, Avith 


* Dr. Luudor BmutoD, ‘ Handbook for Tliys. Lnb.* p. 520.^ 
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R iinn-albumiiioiis, siibstanco ; and tho absorption of a 
vorv small quantity of tlio forincT would (»xcito tlui 
b*^v(‘s, and yet not di?creas(3 the cascuii to a perecq)- 
tible decree. Seliiti* assorts* — and this is an import- 
ant fact for us — that “ la (rasoiiu' pnriiieo dos ehimistes 
est un corps juvsipio oompletemeiit inattacpiablo ]mr 
Ic sue gastriquo.” So that hove wo havo another 
point of accumlaneo lM‘twc(»n tho sc'crotioii of Drosora 
and gastric juio(*, as both act so diftorontly on the 
fresh <*aseiu of milk, and on that projuirod by 
(fhemists. 

A f(?w trials W(‘re made with ohf*oso ; cubes of -.Ai 
an inch (i*27 mm.) wore plac(*d oiV four huiv<'s, and 
tlu*se aft(‘r one or two days became we ll iiilh^otod, 
their glands pouring forth miieh a(*id s<.‘(UH'ti(»n. 
After tivo days they began to r(3-i‘X[)and, but one 
<li(»d, ami seimo of th(‘ glands on the? other loaves wcto 
injure'd. .ludging by the eye, the sofhmcd ami sub- 
sided masses of (dieoscs h.'ft on the discs, wore v(*ry 
little or not at all reduced in bulk. Wo may, how- 
ever, inter from the time during which the t(‘ntacles 
riuiiaimjd inflected, — from the changed colour of soJiie 
of tin? glands, — and from the injury done to oth(3rs, 
that matt(ir had been absorbed from tho cheese. 

Lfffumin. — .1 did not procure this substanc(j in a 
sr*parate state ; but th(?re can hardly bo a doubt that 
it would bo easily digcjsted, judging from the ])o\verful 
elVect ])Todu(M‘d by dro[)S of a decoction of green 
peas, as d<iScribod in tho last chapter. Thin slices of 
a dried pc^a, after being soaked in water, were placed 
on two leaves ; those became somowliat inflected in 
the course of a single hour, and most strongly so in 
21 hrs. Th(jy re-ox 2 )anded after throe or four days. 


* * ri 0 r;oTi 8 ,* &c. tom. ii. p. ft.3. 
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The slices wore net liquefied, for the walls of the otdls, 
composed of ccdlulose, are not in the hiast actijd on 
by«tlie secretion. ^ 

Pollan . — A little fresh pollen from the coniinon ])Oii 
was placed on tlie discs of five leav(is, wliicli soon 
became closely infhicted, and remained so for two or 
tliriM) days. 

^riic grains b(*ing then removed, and oxaniiiiod iiiidcT 
tlie niic.rosc.opo, w(a*o found discoloured, with the (»il- 
globules remarkably aggregati‘d. Jlany laid tlieir 
contents nnicli slirunk, and some wore almost empty. 
In only a few' eases W'ere the pollcui-tubcfs emitted. 
Tlnu'e could bcp no doubt that tlu) s(*(;r(qion had 
penetrated tlu^ outer coats of the grains, and had 
partially digested their contents. So it must bt* 
with the gastric, juice of the insc'c.ts which feed on 
pollcMi, without masticating it.* ].)rosera in a state of 
nature cannot fail to profit to a certain extent by tins 
pow(M’ of dig(‘sting polhm, as innumerable grains from 
the carices, grasses, rumices, fir-trees, and other wind- 
fijrtilisod plants, which commonly grow in the saim* 
neighbourhood, will be inevihibly caught by tlui viseiil 
s(jcTetion surrounding the many glands. 

Cluim. — Tliis substance is ctmiposcMl of two albu- 
minoids, one soluble, the other insoluble in alcohol.f 
Somii was prepared by merely washing wheaten Hour 
in wat(?r. A provisional trial w-as made Avith rather 
larg(5 pieces placed on two leaves; these, after 21 hrs., 
W(3re closely inllected, aiul remained so for four days. 
Avhen one Avas killed and the other had its glands 
extremely blackened, but Avas not afterAvards ol)s«‘rv(sl. 

* Mr. A. AV. BcniiiHt found tlio Hort. Soc. of London,* vol. iv. 
nndi^(3Htud coats of the f^mins in 1874, p. Ifi8. 
the intestinal canal of pollen- t Watts* * Diet, of Chemistry,* 
eating Diptcra ; see ‘ Journal of vol. ii. 1872, p. 873. 
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Smallor bits wi'ro pbiml on two I(‘Rves; tliosc? wore 
only slightly in two days, but afterwards 

be(;iune iiiuoh more so. Their seen'tiun was not- so 
strongly acid as that of leaves excited by casein. 
The bits of gluten, after lying for three days on tluj 
leaves, wore more trans[»arent than otluu* bits h‘ft for 
the same time in water. Aftcu* seven days botli leav(‘S 
re-expand(Hl, but the gluten seemed hardly at all 
reduced in bulk. The glands which had biuui in 
contact with it were extremely black. Still smaller 
bits of half jnitrid gluten were now tried on two 
leavers; these wen^ w(‘ll inflected in 24 hrs., and 
thoroughly in four days, tlie glands in contact Ixung 
much bla<?k(Ui<Ml. After five days one loaf began to 
r(»-expaud, and after eight days both wen' fully n'- 
expanded, soim^ gluten Ix'iiig still* left on their discs. 
Four little chip.s of dried gluten, just dipped in 
watc'r, won’* iic'xt tried, and th(\S() iicted ratluT dif- 
ferently from fresh gluten. One h'af was almost 
fully re-expand('d in three days, and tin.' otlu'r three 
leaves in four days. The chips wer(5 gn^atly softtmed, 
almost liquefied, but not nearly all dissolved. ^J4ie 
glands which had been in contact with them, instead 
of being much blackened, were of a very pale colour, 
and many of them were evidently killed. 

In not OTU' of these ten eases was the whole of the 
gluten dissolved, even when very small bits were 
given. T therefore asked Dr. Ihirdon Sanderson to 
try gluten in artificial digestive fluid of [)epsiii with 
hydrochlorhi a(nd ; and this dissolved the whole. 
The gluten, however, was acted on much more slowly 
than fibrin ; the proportion dissolved within four 
hours being as 40*8 of gluten to 100 of fibrin, 
(xluten was also tried in two other digestive fluids, 
in which hydrochloric acid was replaced by propionic 
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and Inityric acids, and it was eomplctcdy dissolved by 
tliesc lliiids at the ordinary t<imp(‘ratur(^ of a room. 
ll( 5 r(‘, tlien, at last, wo liavo a ease in wliich it ai>pojirs 
that thcn-o exists an essential diflerence in digestive 
power betwetMi th«.^ se<jrotioii of .l)ros(‘ra and gastric 
jui(*o; the ditterenco bcdng eontined to tlio formenb 
for, as we have just seen, pepsin in combination with 
acids of the acetic, series acts p(‘rfe(*tly on gluten. 
1 bidievo that the explanation lies simply in the fact 
that gluten is too powtTful a stimulant (lik(^ raw 
meat, or pliosphato of linn*, or even too largo a inecc* 
of albumen), and that it injures or kills the glands 
beftm* they have 'had time to 2 >our fortli a sullieient 
supply (»f the proper secretion. That some mattt*r is 
absorb<‘d from the gluten, we have clear evidence in 
tlui leiurth of time during which the tentacles r(‘main 
inllectod, and in the gr(‘atly changed colour of the 
glands. 

At the suggestion of Dr. Sanderson, some gluten 
was loft fi^r lohrs. in weak hydrochloric acid (’02 per 
cent.), in or<lor to remove the sbirch. It became 
colourless, more transparent, and swollen. Small 
j)ortions were wasln*d and placed on five leaves, which 
werci soon closely inlli*cted, but to my surprise re- 
expanded completely in 48 hrs. A mere vestige of 
gluten was loft on two of the h*av(*s, and not a vestigt* 
on the other three. Tlu^ viscid and acid secretion, 
which remained on the discs of the throe latter 
h.'aves, was scraped ofl’ and examined by my son 
under a high power ; but nothing could Ix^ seen 
except a little dirt, and a good many starch grains 
which had not been dissolved by the hydrordiloric 
acid. Some of the glands were rather 2 )ale. We 
thus leani tliat gluten, treated with weak hydro- 
chloric acid, is not so j)owcrful or so enduring a 
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stimiiliint as fresh gluten, and does not inueli iiijurii 
the glands ; and wo furtlier learn that it ean be di- 
gested quiekly and eonipletely by th(i secretion. 

(iMtnUn or Cr //staff in . — This siil^stance was kindly iirepan^l 
for nic from the lens of ihc eye by Or. Moon;, and i*()iisist(;d < f 
liard, foloiirloss, traii-sparent fragments. It is said* that glohiilin 
ought to "swell up ill water and (lissolve, for tl*e most part 
forming a giiniiriy liquid;" but this did not oceiir 'with the abov<‘ 
fragments, though kept in water tor four days. Particles, some 
moistened with water, others wdth iveak hydnadiloric a<*id, 
others soaked in water for one; or two days, wen; i)hiei'd on 
nineteen leaves. IMost of these leaves, es]>eeially those with tlio 
long soaked particles, Ixicamc strongly inflected in a few' hoiii-s. 
The greater number ro-expandod after three or four days ; but 
tlirco of the leaves remained inflected during one, two, or thn‘(; 
additional days. Hence some exciting matter must liavo been 
al«oiiied; but the fragments, though perhai)s softened in a 
gri'ater degree than those kept for the same time in water, 
retaiii(‘d all their angles as sharp as ev(;r. As globulin is an 
albuminous substance, 1 was astoiiislied at this result; and njy 
object being to conqiaro the action of the secretion with that of 
gastric juice, I asked Dr. Riirdon Sanderson to try some of the 
globulin used by me. He reports that " it was subjected to a 
liquid containing 0*2 per cent, of hydrochloric acid, and about 
I ]x;r cent, of glycerine extract of tho stomach of a dog. It w'as 
then ascertainctl that this liquid was capable of digesting I’fll 
of its weight of unboiled fibrin in 1 hr.; whereas, during the 
hour, only O’lll of tho above globulin was dissolved. In both 
cases an excess of the snlistanco to l)e digested w as subjected to 
the liriuid.^t thus see that within tho same time less than 
<»ne-njnth by weight of globulin than of fibrin was dissolved ; 
<and hearing in miiM that pepsin with sicids of tlio acetic series 
has only alnnit oac-tlHrd of the digestive power of i)epsiu with 
hydrochloric acid, it is not 8uri3rising that tho fragments of 


* Watts* * Diet, of CheiniHtry,’ 
vol. ii. p. 874. 

+ I may luld that Dr. Sander- 
son prcjMirod somo fresh globulin 
hy Schmidt’s mcthoil, and of this 
O'SG.? was dissolved within tho 
same time, namely, one' hour ; so 


that it was far more solnhlo than 
that wliieh 1 iistsl, though less 
soliihle than fibrin, of which, as 
w'e have seen, 1 ‘Jll was diHKolv(>d. 
I wish that I had tried on Dro- 
sera globulin prepared hy this 
method. 
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globulin were not corroded or rounded by the secretion of 
Drosera, though some soluble matter was certainly extracted 
from them and absorbed by the glands. 

I Uv mat in . — Some dark red granules, prepared from bullock’s 
blood, were given me ; these wore found by Dr. Sanderson to 
bo insoluble in water, acids, and alcohol, so that they were pro- 
bably limmatin, together with other bodies derived from the 
blood. Particles with little drops of water were jdaced on 
four leaves, three of wliich were pretty closely inflected in two 
days ; the fourth only moderately so. On the third day the 
glan<ls in contact with the luematin were blackened, and some 
of the tentacles seemed injured. After five days two leaves 
died, and the third was dying ; tlio fourth was beginning to re- 
expand, but many of its glands were blackened and injured. 
It is therefore clear that matter had been absorbed which was 
either actually poisonous or of too stimulating a nature. The 
particles were much more softened than tliose kej)! for the same 
time ill water, but, judging by the eye, very little reduced in 
bulk. Dr. Sanderson tried this siilustanco with artificial digestive 
fluid, in the niaiiner dcs(‘rilKHl under globulin, and found that 
whilst 1*81 of fibrin, only 0*456 of the hiematin was dissolved 
in an hour; but the dissolution by the st'crclion of even a less 
amount would account for its action on Drosera. The residue 
left by the artificial digcjstive fluid at first yielded nothing more 
to it during several succeeding ilays. 

Suhstanees irhirh are not Digested hy the Secretion. 

All tli(3 suhstiinros hitherto mentioned ciuiso pro- 
longcnl iufleirtiou of the teiitaeles, and are cither com- 
pletely or at least partially dissolved by the secretion. 
Jhit there are many other siibstanoes, some of them 
containing nitrogen, wliieli arc not in the least acted 
on hy th(j secretion, and do not induce inilection for a 
longer time than do inorganic and insoluble objects. 
I^lii3se nnexcitiug and indigestible 'substances arc, as 
far as I have observed, epidermic produiitions (such 
as bits of human nails, balls of hair,, the quills of 
feathers), fibro-olastic tissue, mucin, pepsin, urea, 
chitino, chlorophyll, cellulose, gun-cotton, fat, oil, and 
starch. 
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To those may Ix' added dissolvcMl sajj^ar and 
diluted aleohol, and y('<^('tal)le infusions not eontaininji; 
albumen, for none of these*, as slu)\vn in tin* last 
chapter, excite inlleetion. Now, it is a reunarkabh* 
fact, AvJiieh attbrds aelditional and ini])ortant evid(‘nee, 
that tli(‘ ft*rment of Drosera is clos(‘ly similar to or 
identical with pi*psin, that none of these sanies sub- 
stances are, as far as it is known, eli^estexl by the <ras- 
trie* juice of animals, thou<^h s»nne* of the*m are* ae*te‘d 
on by tlie otlie*r sccre'tions of the* aliine*ntary e*anal. 
Ne)thi]ip more need be said about some* e>f the above 
enumerate‘d substane*e*s, exce 2 )ting: tliat the^y we*r(* re*- 
peate*elly tri(*el eni the* leaves of J)re)»(n*a, anel we*re ne»t 
in the^ h‘ast alVe(*ted by the s(icr(*tion. Ai)e)ut the 
oth(.*rs it will be advisable to give my experiments. 


rihri^ehiatii'. Thaue , — AVc have already seen that when little 
cubes of moat, A’c-., were ])laced on leavers, the muscles, areolar 
tissue, and cartilage Averc completely dissolved, hut tlie fihro- 
elastic tissue, even the most delicate threads, AA'(!re left Avith(»ut 
tlu! least sifijiis of having heem attacked. And it is Avell knoAvn 
that this tissue cannot ho digested hy the gastric juice of 
animals.* 

Murui . — As this substance contains about 7 ])er cent, of 
nitrogen, I expected that it Avould have excited the leaves 
greatly and been di{?ested by the secretion, hut in this I 
was mistaken. From Avhat is slated in chemical works, it 
appears extremely doubtful Avlietlicr mucin can Ihj lu’epared as 
a pure i)riiR*i])le. That which T used (prepared hy Dr. Moore) 
Avas dry and liard. Particles moistened Avitli Avater were placed 
on four leaves, hut after two days tlujre Avas only a tracci of 
inflection in the immediately adjoining tentacles. These loaves 
were then tried Avith hits of meat, and all four soon l)ecame 
strongly inflected. Some of the dried mucin Avas then soaked 
in Avater for Iaao days, and little cnlxjs of the proper size 
AA'cre placed on three leaves. After four days the tentacles 

♦ Sco, for instance, Sebiff, * Pli 3 '^ 8 . do la Digcstinii,’ 1867. tom. ii. 
p. 38. 
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round tlic mjirj^ins of tlio discs were a little inflected, and 
the secretion collect('d on the disc was acid, but the exterior 
tentacles were not Jiffccted. One lc«.f began to rc-exi)an<l on the 
fourth day, and all were fully rc-eximnded on the sixth. The 
glands which had been in contact with the mucin were a little 
darkened. Wo may therefore conclude that a small amount of 
some iinjuirity of a mod(3rah!ly exciting nature had been 
absorbed. That tlio mucin employed by me did contain some 
soluble matter was i)rovcd by Dr. Sanderson, who on subjecting 
it to artilicial gastric juice found that in 1 lir. some was dis- 
solved, but only in the proportion of 23 to 100 of fibrin during 
the same time. TIkj cubes, tliongh pcrliaps rather softer than 
tliosc left in water for the same time?, retained tlieir angles as 
sharp as ever. We may therefore infer that the mucin itself 
was not dissolved or digested. Nor is it digested by the 
gastric juice of living, animals, and according to Schift** it is a 
layer of this substance which ])rotccts the coats of the stomach 
from being corroded during digestion. 

Prpaia , — My cx];)erimeijts are hardly worth giving, as it is 
scarcely possible to pre])arc pepsin free from otlier albuminoids ; 
but I was curious to ascertain, as far as tJiat was possible, 
whether the ferment of the seci'otiou of Droscra would act on 
the ferment of the gastric juico of animals. I first used the 
common pepsin sold for medicinal purposes, and afterwards 
some wliich wa^ much purer, prepared for mo by Dr. !Mooro. 
rive leaves to wliich a considerable quantity of the former wjis 
given remained inflected for five days ; four of them then died, 
apjiareutly from too groat stimulatioii. I then fried Dr. MoorL‘'s 
pepsin, making it into a paste with water, and iilaciug such 
small particles on the discs of five leaves that all would have 
been (luickly dissolved bad it iK'cn meat or albumen. The 
leaves wore soon inflected; two of them began to rc-expaiid. 
after only 20 hrs., and the other three were almost completely 
rc-cxpanded after 41 hrs. Some of the glands wliich had been 
in contact with the particles of pepsin, or with the acid secre- 
tion surrounding them, were singularly jiale, whereas others 
were singularly dark-eoloured. Some of the secretion was 
scraiKxi ott‘ and cxaiiiiiied under a high power; and it abounded 
with granules midistingnishablo from those of ]icpsiu loft in 
water for the same length of time. Wo may therefore infer, 
as highly probable (rememlicring what small quantities were 
given), that the ferment of Drosorn docs not act on or digest 


‘ Lemons phys. de la Digestion,* 1867, torn. ii. p. 304. 
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pepsin, but absorbs from it some albuminous impurity which 
induces inflection, and which in large (piantity is highly 
injurious. Dr. Tiauder Brnnton at my request eiKleavoured to 
ascertain whether poixsin with hydrochloric acid would digest 
I)epsiu, and as far as he could judge, it had no such i)ower. 
Gastric juice, therefore, apimreutly agrees in this respect with 
the secretion of Droscra. 

Urva , — It seemed to me an interesting inquiry whether this 
refuse of the living body, W’hich contains much nitrogen, 
would, like so many other animal fluids and substances, bo 
absorbed by the glands of Droscra and cause inflection. Half- 
minim drops of a solution of one part to 4117 of watcT wcjre 
placed on the discs of four Icjives, each drop conlaining the 
quantity usually c;mploycd by me, nanu'ly of a grain, or 
•0674* mg.; but tlie leaves were hardly at ail affected. They 
were then tested with bits of meat, and soon became closely 
inflected. I rci)eated the Kime cxiMsriment on tour leaves 
with some fresh urea lucparcd by Dr. Mooi*o ; aftisr two days 
theni was no inflection; I then gave them another dose, but 
still there was no inflection. These leaves were afterwards 
tested with similarly sized drops of an infusion of raw meat, 
and in 6 lirs. there was considerable inflection, which became 
excessive in 24 hrs. But the urea apparently was not quite 
pure, for when four leaves were immersed in 2 dr. (7’1 ml.) of 
the solution, so that all the glands, instead o( merely those on 
the disc, were enabled to absorb any small amount of imi)urity 
in solution, there was (jonsidcrable inflection after 24 hrs., 
certainly more than would have followed from a similar im- 
mersion in pure water. That the urea, wliich was not i)cr- 
fectly white, should have contained a sufficient quantity of 
albuminous matter, or of some salt of ammonia, to have caused 
the above cflcct, is far from suri)rising, for, as wo shall see 
in the next chapter, astonishingly small doses of ammonia 
are highly efficient. Wo may tliereforo conclude that urea itself 
is not exciting or nutritious to Drosera ; nor is it modified by 
the s('cretioii, so as to be rendered nutritious, for, had this l)een 
the case, all the leaves with drops on their discs assuredly 
would have been well inflected. Dr. Lauder Brunton informs 
mo that from experiments made at my request at St. Bartho- 
lomew’s Hospital it appears that urea is not acted on by 
artificial gastric juice, that is by jpepsin with hydrochloric acid. 

Chitim . — The chitinous coats of insects naturally captured by 
the leaves do not appear in the least corroded. Small square 
pieces of the delicate wing and of the elytron of a Staphylinus 
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were pljictjd on some l(^avcs, and after these had re-expanded, 
the ))ieeiis were carefully examined. Tlieir angles- were as 
sharp as over, and they (lid not differ in appearance from the 
other wiijg and elytron of the same insect wliicdi had Ixitai left 
in water. 'I'lie elytron, liowcver, had ovidcaitly yi(‘lded some 
nutritious matter, for the leaf remained clasped over it for four 
days ; wlasreas the leaves with hits of the true wing re-expanded 
on the second day. Any one who will examine the excrement 
of insect-eating animals will see how powerless their gastric 
juice is on chitino. 

i Wufosc . — T did not obtain this substance in n separate state, 
but tried angular bits of dry woexi, (!ork, sidiagnum moss, linen, 
and cotton tlm'ful. None of these lx)dies were ip the least 
attacked by the secretion, and they caused only that moderate 
aiiiount of inflection which is common to all inorganic oTgects. 
Gun-cotton, which Consists of cellulose, with the hydrogen 
r(^l)lac(Hl by nitrogen, was tried with the same result. We hjive 
seen that a decoction of cabbage-leaves excites the most power- 
ful infl(‘c.tion. I therefore placed two little square bits of the 
blade of a cabbage-ltMif, and four little cubes cut' from the 
midrib, on six loaves of Droscra. These became well inflected 
in 12 lirs., and remained so for Ixitweon two and four days; 
the bits of cabbage being bathed all the time by acud secre- 
tion. This shows that some exciting matter, to which I shall 
in’esontly refer, liad been alMsorbcd; but tJie angles of the 
sfpiarcs and ciilu's remained as sharp as ever, proving that tlie 
framework of cellulose had not been attacked. Small square 
bits of spinach-leaves were tried with the same result; the 
glands pouring forth a moderate supply of acid secretion, 
and the tentacles renniining inflected for three days. We have 
also seen tliat the delicate coats of pollen gi'ains are not dissolved 
by the secretion. It is well known that the gastric juice of 
auinials does not attack cellulose. 

(JhfurophyfL — This substance was tried, as it contains nitrogen. 
Jlr. Moore sent mo some preserved in alcohol; it was dried, but 
soon deliquesced. Particles wore placed on four loaves; after 
3 hrs. the secretion was acid ; after 8 lirs. there was a good deal 
of inflectioTi, which in ‘id hrs. liccame fairly well marked. After 
four days two of the leaves began to open, and the other two 
wtu-e then almost fully ro-expanded. It is therefore clear that 
this chlorephyll contained matter which excited the leaves to a 
moderate degree ; but judging by the eye, little or none was dis- 
solved ; so that in a pure state it would not probably have lx)cn 
attacked by the secretion. Dr. Sanderson tried that which I 
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used, as well as some freshly prepared, with artificial digestive 
liquid, and found that it was not digested. Dr. Lauder Drunton 
likewise tried some prepared by the ])rocess given in the Dritish 
Pharraacop(eia, and exposed it for live days at the temperature 
of 37° Cent, to digestive liquid, but it was not diminished in 
bulk, though the fluid acquired a slightly brown colour. It was 
also tried with the glycerine extract of pancreas willi a nc'gative 
result. Nor docs chlorophyll seem affected by the intestinal 
secretions of various animals, judging by the colour of their 
excrement. 

It must not be supiKiscd from these facts that the grains of 
chlorophyll, as they exist in living plants, cannot be attacked by 
the s«)cretion; for tho.se grains consist of protojflasm mtu'cly 
coloured by chlorophyll. My son FraiicLs jilaced a thin slice of 
spinach leaf, moistened with saliva, on a loaf of Jlrosera, and 
other slices on damp cotton- wool, all exposed to the same 
temperature. After 19 hrs. the slice on tlu^ leaf of Drosc'ra was 
bathed in much secretion from the inflcct(‘d tditacles, and was 
now examined under the microscoixi. No perfect grains of 
chlorophyll could Ixj distinguished ; some werti shrunken, of a 
yellowish-green colour, and collected in the middle of the cells ; 
othtirs were disintegrated and formed ii yellowish mass, likcjwise 
in the middle of the cells. On the other hand, in the slices 
surrounded by damj) cotton-wool, the. grains of chloro))hyll were 
green and as perfect as over. My sou also placed some slices 
ill artificial gastric Juice, and th(.*se were acted on in nearly th(j 
same manner as by the secretion. AVe have seen tliat bits of 
fresh cabbage and spinach loaves cause tlio tentaelos to Ikj in- 
fl(3ctcd and the glands to pour forth mneh aeid w.'cn'fioii ; and 
there can be little doubt that it is the protoplasm forming the 
grains of chlorophyll, as well as that lining the walls of the 
cells, which excites the leaves. 

Fat and Oil . — Cubes of almost pure uncooked fat, placed on 
several leaves, did not have tlieir angles in the least rounded. 
We have also seen that the oil-globules in milk arc not digested. 
Nor does olive oil dropped on the discs of leaves cause any 
inflection ; but when they are immersed in olive oil, they become 
strongly inflected ; but to this subject I shall have to recur. 
Oily substances arc not digested by the gastric juice of animals. 

Starch. — leather largo bits of dry starch caused well-miirkcd 
inflection, and the leaves did not re-expand until the fourth 
day ; but 1 have no doubt that this was duo to the prolonged 
irritation of the glands, as the starch continued tT> absorb the 
secretion. The particles were not in the least reduced in size ; 
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and we know that loaves immersed in an emulsion of starch 
arc not at all affected. 1 need hardly say tliat starch is not 
digested by the gastric juice of animals. 

Action of the Secretion on Living Seeds. 

The results of some exijcrimcnts on living seeds, selected by 
liazard, may here 1)0 given, though they bear ojily indirectly on 
our present subject of digestion. 

jSeven cabbage seeds of the previous year were placed on the 
same number of leaves. Some of thesti leaves were moderately, 
but the greater number only sliglitly inflected, and most of 
them re-expanded on the third day. One, however, remained 
clas|)cd till the fourth, and another till the fifth day. These 
leaves therefon) were excited somewhat more by the seeds than 
by inorganic objects of tbc same size. After they re-exi)andcd, 
the seeds were placcid under favourable conditions on damp 
sand; other seeds of the same lot l)eing tried at the same time 
in the same manner, and found to germinate well. Of tlie seven 
s(‘o<ls w’hieh haul been exposed to the secretion, only three ger- 
minated; and one of the three seedlings soon ])erishcd, the tip 
of its raidicle being from the first decayed, and the edges of 
its cotyledons of a dark brown colour; so that altogether five 
out of the seven seeds ultimately j)erishod. 

Kadish seeds {ttuphanm satiims) of the previous year were 
jdaci'd on three leaves, which became moderately inflected, and 
rt*-expaiul(‘d on tlu3 third or fourth day. Two of these seeds 
were transferred 1o damp sand ; only one germinated, and that 
very slowly. This seedling Jiad an extremely short, crooked, 
diseased, railiele, witli no al)sorbent hairs; slid -the cotyledons 
were oddly mottled with purple, with the edges hlackeiied and 
partly withered. 

Cress seeds {Lepidmu sativum) of the previous year were 
placed on four leaves ; twi) of these next morning were mode- 
rately and two strongly inflected, and remained so for four, 
live, and even six days. fc?ooii after these seeds wore j)laccd on 
the leaves and had become damp, they secreted in the usual 
manner a layer of tciuicious mucus ; and to ascertain whether 
it was the absorption of this substance by the glands which 
caused so much inflection, two seeds wore put into water, and 
as much of the mucus as possible scra])od off. They were then 
placed on leaves, which lioeanio very strongly inflected in the 
course of 3 ln’s., and were stiU closely inflected on the third 
day ; so that it evidently was not tlio mucus which excited so 
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iiiui li iiiiloction ; on the contrary, this served to a certain extent 
ns a protection to the seeds. Two of the six setuls ^erniiiiatod 
whilst still lying on tlic leaves, but tlie soetllings, wlicii trans- 
ferred to damp sand, soon tlied ; of the otlier four seeds, only one 
gcrniinatcd. 

• Two seeds of mustard (^Shinpts uhjm), two of celery {Aphnn 
}/rnreoIvns ) — both of tlie 2 u*cvious year, two seeds well soaked of 
caraway (Canttu rarui), and two of wheat, did not excite the 
leaves more tlian inorganic objt’cts often do. Five sewls, hardly 
ripe, of a biittercui) (Ranuiu^ulus), and two fresh seeds of Ane- 
vione vemovostt, induced only a little more effect. On the other 
hand, four sc^eds, jxjrhaps not quite ripe, of Carf'.r syfentim caused 
the leaves on wliich th(‘y were placed to l>o very strongly in- 
flected; and these only l>egan to ro-expand on tlui thiiil day, 
one remaining infletded for seven days. 

It follows from these few facts tliat different kinds of seeds 
excite the leaves in very different degrees; whether this is 
solely due to the nature of their coats is not clear. In the case 
of the cress seeds, the partial removal of the layer of mucus 
hastened the inflection of the tentacles. Whenever the loaves 
remain inflected during several days over seeds, it is clear that 
they absorb some inafter from them. That the secretion i)one- 
trates their coats is also evident from the largo proj>ortioii of 
cabbage, raddish, and cress seeds whicli were killed, and from 
several of the seedlings being greatly injured. This injury to 
the seeds and seedlings may, however, be due solely to tlie aend 
of the secretion, and not to any process of digestion ; for Mr. 
Trahcnio Moggridge has shown that very weak acids of the 
acetic series are highly injurious to seeds. It never occurred 
to me to observe whether seeds are often blown on to the viscid 
leaves of jilants growing in a state of nature; but this can 
hardly fail sometimes to occur, as we shall hereafter see in tlie 
case of Pinguicula. If so, Drosera will profit to a slight degree 
by a1)sorbing matter from such seeds. 


Summary and Concluding Bemarlca on the Digestive 
Power of Drosera, 

When the glands on the disc are excited either 
by the absorption of nitrogenous matter or by 
mechanical irritation, their secretion increases in 
quantity and becomes acid. They likewise transmit 
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some influence to the glands of the exterior ten- 
tiicles, causing them to secrete more coi)iously; and 
their secretion likewise becomes acid. With ani- 
inals, atjcording to Schilf,* mee,lianical irritation e.\- 
eites tln5 glands of the stonnieh to secrete an acid, 
but not p(?j)sin. Now, I have every reason to bo 
lieve (though the fact is not fully established), that 
although the glands of JJroscTa ani continually se(?r<'t- 
ing viscid fluid to noplace that lost by evaporation, 
yet they do not secrete the h^rment projMU* for di- 
gestion wlnui mechanically irritated, but only aftor 
absorbing certain iiiattiir, probably of a nitrogenous 
nature. 1 infer tlftit this is the case, as the secretion 
from a large number of l(‘aves which had Ixjcn 
irritated by parthiles of glass placc^d on their discs 
did not dig(‘st albunnm; and more especially from 
the analogy of Dioinea and Nepenthes. In like 
manner, the glands of the stomach of animals seendc 
pe})sin, as Schitf assorts, only after they havc^ aln 
sorbed certain soluble substaiuH^s, which he desig- 
nates as pei)togenes. There is, then ‘fore, a remarkable 
])aralielisni between the glands of Drosera and those 
of the stomach in the secretion of their proper acid 
and fermtsnt. 

Tha socTotion, as we have seen, completely dissolY(‘s 
albumen, muscle, fibrin, ’areolar tissue, cartilage, the 
librons basis of bone, gelatin, chondrin, casein in the 
state in which it exists in milk, and gluten whieli has 
been subjected to weak hydrochloric acid. Syntoniii 
and legiimin excite the lenvc'S so powerfully and 
quickly that there can hardly be a doubt that both 
would bo dissolved by the secretioli. The se<*r(‘tiou 
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failed to digest fn»sli gluten, apparently from its 
injuring the glands, tliough some was absorbed. Ihiw 
meat, unless in vc^ry small bits, and Lirge ])ieires of 
albumen, &c., likewise' injure the leave's, which see'iu 
to sufler, like animals, from a surfeit. 1 know iie)t 
whether tlio analogy is a real one', but it is worth 
notice that a decoction of cabbage h'ave'S is far morei 
e‘X(?iting and jnobably nutritious to Drosera than an 
infusion made with tepiel wateu* ; and beuleel euibbage‘s 
;ire' far more nutritious, at least te) man, than the.' un- 
<*.oe)keel leaves. The mejst striking o^ all the* cases, 
tliough not really more remarkable than many others, 
is the.^ dige^stioii eif so harel anel temgh a substaue'e as 
cartilagej. The dissedutiem of pure? phosphate of lime*, 
<il* Ikmu?, dentine, and espe'cially enamed, seems we»n- 
elerfiil ; but it depends merely em the long-continueul 
seicrction of an aciel ; and this is secreteel for a leinger 
time under these (jircumstances than under any edliers. 
It was intere.'sting to e)bs(?rve that as long as the acid 
was consumeel in dissolving the phe)S])hate eif lime?, ne) 
true eligestion ejccurrexl; but that as soon as the bone) 
was ceunphitely deemlcitied, the fibrenis basis was at- 
tae',ko<l anel liquefie^d with the grt'atest erases. The 
twe'lve substances abejve cuumerateel, whiedi are com- 
pletely dissolved by the socretiem, are likewise dis- 
solved by the gastric juice of the highe*r animals ; 
and they are ae;ted on in the same manner, as shown 
by the rounding of the angles e)f albumen, and more 
especially by the manner in which the transverse stria) 
of the fibres of muscle disappear. 

The secretion of Drosera and gastric juice were 
both able to dissolve some element or impurity out of 
the globulin and hamiatin employed by me. The 
secretion also dissolved something out of chemically 
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|)roj)are<l casein, which is said to consist of two siih- 
stanc(\s ; and althougli Scliiif asscM’ts that casein in 
tliis state is not attacked by gastric juice, he might 
easily have ovorlook(?d a minute quantity of some* 
albuminous matter, which IJrosera would detect ami 
absorb. Again, fibro-(;artilag(?, though not properly 
diss(>lv(Hl, is a<d-ed on in the same manner, both by 
the. secrcitioii of Drosera and gastric juice. Hut this 
substance, as w(dl as the so-(5iilled htematin used by 
mo, oiiglit perhaps to have been classed with indi- 
gest ibh; substances. 

I'liat gastric juice acts by means of its ferment, 
poj)siii, solely in* the ])ros(iuce of an acid, is well 
(established ; and we hav(' excidlent (jvidtmce that a 
fermcjut is present in the secretion of Drosera, which 
likewise' acts only in the presence of an acid; for we 
have s(‘en that when the secretion is neutralised by 
minute drops of the solution of an alkali, the diges- 
tion of albuinon is completcdy stopped, and that on 
the addition of a minuter dose of hydrochloric acid it 
iniTiKMliately recommences. 

Th(j nine following substances, or classes of sub- 
stances, naiiK'ly, (q)idermic productions, libro-elastic 
tissiK?, ^mucln, ])epsin, urea, chitine, (Hdlulose, giin- 
cotton, chlorophyll, starcli, fat and oil, are not acted 
on by the secretion of Drosera; nor are they, as far as 
is known, by the gastric juice of animals. iSome 
soluble matter, however, was extracted from the mucin, 
p(3psin, and chlorophyll, used by me, both by tin* 
secretion and by artificial gastric juice. 

The several substances, which are completely dis- 
solved by the secretion, and which are afteiwvards 
absorbed by the glands, aflFect the leaves rather dif- 
ferently. They induce inflection at very diflferenf 
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ratos iiiul in very difforent dogroos ; and tho ten- 
taolos remain inflected for V(ny dillbrent periods of 
time. Quick inflection ^h^peiids partly on the (piaii- 
tity of the substance givt'ii, so, that many glands are 
simultaneously aflected, partly on the facility with 
which it is penetrated and liquefied by tln^ secretion, 
partly on its nature, but cliiefly on the presence of* 
exciting matter already in solution. Thus saliva, or 
a weak solution of raw meat, acts much more quickly 
than (jven a strong solutum of gcdatiin'. So again 
leaves which have re-ex])and(Ml, at*t(U* absorbing droi)s 
of a solution of pun^ gelatine or isinglass (the hittc'r 
l)ciug the more powerful of the two), if given bits 
of meat, are inflected much mon* energetically and 
quickly than they W(‘r(5 befor(‘, notwithstanding that 
some rest is generally riMpiisite betwetni two acts 
of infb^ction. We probably see tho influence of tex- 
ture in gelatine and globulin wlien softened by 
having been soaked iji water acting more (|uickly 
than when merely wetted. It may be partly duc^ to 
changed texture, and ])artly to (dianged chemical 
nature, that albumen, which has b(M*n kc^pt for some 
time, and gluten which has Ix^en subjecbxl to weak 
hydrochloric acid, VAit more quickly than these sub- 
.stancos in their fresh state. 

The length of time during which the tcuitaclcs re- 
main inflected largely depends on the quantity of tluj 
substance given, partly on the facility with which it is 
j)euetratcd or acted on by the secretion, and partly 
on its essential nature. The tentacles always remain 
inflected much longer over large bits or large drops 
than over small bits or drops. Texture probably 
plays a part in determining the extraordinary length 
of time during which the tentacles remain inflected 
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over tlio hard grains of chemically prepared cascnii. 
Hut the tentacles remain inflected for an equally long 
time over fin(*ly powdered, precipitated phosphate of 
lime; })hosi)h()rus in this latter case evidently being 
the attraction, and animal matter in the caSo of casein. 
'Fhe h'aves rimiain long 4nfleeted over insects, but it is 
doubtful how far this is du<^ to the protection aftbrded 
by their chitinous integuments; for animal matter is 
soon extracted from ius(*cts (probably by exosmose from 
their bodies into the dense surrounding secretion), 
as shown by tlui proiujit inflection of the leaves. We 
s(*(i the, inttu(*u(!(^ of the nature of different substances 
in bits of meat, alfninKm, and fresh gluten acting very 
<liff((?r(*ntly from e([ual-sized bits of gelatine, areolar 
tissue, and tlie libn)us basis of bom*. The former 
<*ause not only far more prompt and energetic, but 
mon^ ])rolongcd, inflection than do the latter. Hence 
we arc*, I think, justifled in btdi(*,ving that gelatine, 
.iireolar tissue*, ami the fibrous basis of bone, would be 
far less nutritious to l)ros(*ra than such substances 
as insc'cts, iiic'at, albumen, &c. This is an interest- 
ing conclusion, as it is known that gelatine affords 
but little nutriment to animals ; and so, probably, 
would greolar tissue and the fibrous basis of bone. 
^I^he chondrin wdiich I used acted more pow’t*rfully 
than gedatine, but then 1 do not know that it was 
])ure. It is a more rc?markable fact that fibrin, which 
belongs to the great chxss of rroteids,* including 
albumen in one of its sub-groups, does not excite 
the tenbicles in a greater degree, or keep them in-, 
fleeted for a longer time, than does gelatine, or 

* Siio tlici classificution adopted by Dr. Mieliuel Foster in Watts* 

‘ Diet, of Chemistry, ’ Supplement 1872, p. Ddi). 
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ariH»l{ir tissue, or tlie libroiis basis of l)ono. It is not 
known how lonp an animal would survive if fcMl on 
fibrin alone, but JJr. Sanderson has no doubt lonper 
than on {gelatine, and it would be liardly rasli to pre- 
dict, jiidtrinji: from the t‘ftec.ts on 1 )rosera, that albu- 
men would be found more, nutritious than fibrin, 
(ilobulin likewise belongs to the Proteids, forming 
another sub-group, and this substance, though (ron- 
taining some matter which excited Drosera rather 
strongly, was hardly attacked by the s(M;rotion, and 
was very little or very slowly atta(;ked by gastric 
juice. IIow far globulin woubl be nutritious to ani- 
mals is not known. AV\i thus see how' diftcrently tin* 
above' specifitid several digestible substances act on 
Drosera ; and we may infer, as highly proUiblo, that 
they would in like manner be nutritious in very dif- 
fercint degrees both to Drosera and to animals. 

'Ihe glands of Drosera absorb matter from living 
s(?(m1s, which ar(i injured or killed by the s(*cretion. 
They likewise absorb matter from pollen, ami from 
fresh leaves ; ^iml this is notoriously the case with 
the stomaclis of vegetable-feeding animals. Drosera 
is prop(}rly an insectivorous plant; but as ])ollon 
c.iinnot fail to bc^ oftcm blown on to the glands, as 
will occasionally the seeds and leaves of surrounding 
plants, Droscnu is, to a certain (jxtent, a vegetable- 
feeder. 

Finally, the exjieriments recorded in this chapter 
show us that there is a remarkable accMmlance in tin? 
.|X)wer of digestion iMtwoen the gastric, juicjo of ani- 
mals with its pcjpsin and hydrochloric} acid and the 
secretion of Drosera wdth its fcjrmcmt and acid belong- 
ing to the acetic seric;s. AVe emn, therefore, hardly 
doubt that the ferment in both easels is closely similar, 
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Tiik Effects of Salts tip Ammonia. 

Msunirr of iK'rforniin" the r‘X{MTini<‘rits — Action of distilled water in 
eoniparisoii with the solutions — C'arisuisite of aininoiiiii. alisorhed 
l»y the roots -Tho vapour ahs<rt*lw*d by tlie glands — Drops on the 
tlisc — 3[iniito drops applied to st'parate glands -- Lyiives irii- 
iiiersed in weak solutions • 31inuteiu‘ss of th(> doses which iud nee 
aggregation of tin* protoplasm -- Nitrate* of ammonia, analogous 
experiments with — JMiosphate of aiuiiioiiia, analogous experiments 
with — (IthtT salts of ammonia — Summary and eoncliidiug re> 
marks on the action of the salts of amtiioiiia. 

The diit.'f object iu this chapter is to sliow liow power- 
I'lillythe salts of amnioiiia act on tlu* leaves of l)ros(*ra, 
Mini nior<5 especially to show what an extraordinarily 
small (piantity sullices to excite inllection. I shall, 
therefore', be compelled to enter into full thdails. 
Doubly distilled watt'r was always used; and for the 
more delicate experiments, water which had hcon 
|»n*parcd with ^he. utmost possible carts was given 
me by Troft'ssor Frankland. Hio graduated measures 
wen* tested, and found as actmrate as siu^h m(*asures 
can he. Tht3 salts were carefully wtdglied, and in all 
the more delicate oxjieriments, by Korda’s double 
nu'thod. But extrtirae accuracy would havc3 hcon 
superfluous, as the loaves differ greatly in irritability, 
act?ording to age, condition, and constitution. Even 
the tentacles on the same Itjaf differ in irritability 
to a marked degree. My exjwrimcnts wi'ro tried in 
the following several ways. 

t^'lrstly , — Drops which were ascertained by repeated trials to 
ho on an average a1)ont half a minim, or the alo of a fluid ounce 
(’()2UG ml.), were placed by the same pointed instrument ou the 
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discs of tlie leaves, and the inflection of the exterior rows of 
tentacles observed at successive intervals of time. It was first 
ascertained, from between thirty and forty trials, that distilled 
water dropped in this inaniier prw luces no effect, cxcej)t that 
sometimes, though rarely, two or tliree tentacles U'como in- 
fl(M!tcd. In fact all the many trials with solutions W'hich were 
so weak as to produce no effect lead to the same result that 
W'ater is ineflicient. 

>Sccr>ar///y.— The h(jad of a small pin, fixed into a handh?, was 
dipped into the solution under trial. The small drop which 
adhered to it, and which was much too small to fall off, was 
cautiously i)lacod, by the aid of a lens, in contact with the secre- 
tion surrounding the glands of one, two, tJirec, or four of the 
exterior tentacles of the same leaf. Great care was taken that 
tliti glands themselves should not bo touched. I had supposed 
tliat the drops were .of nearly the same size; but on trial this 
pi-oveil a great mistake. I first measured some water, and re- 
moved 300 drops, touching the pin’s head each time on blotting- 
paper ; and on again measuring the water, a drop was found to 
equal on an average alx)ut the of a minim. Some water in a 
small vessel was weighed (and this is a more accurate method), 
and 300 drops removed as l)ofore ; and on again weighing the 
water, a drop was found to equal on an average only the 
of a minim. I repeated the operation, but endeavoured this 
time, by taking the pin’s head out of tJic water oblhiucJy and 
rather (piickly, to rcinovo as largo drops as possible ; and 
the result showed that* I had succeeded, for each drop on an 
average equalled of a minim. 1 repeated the operation in 
cjxactly the same manner, and now the drops averaged aJ .5 of a 
minim. Bearing in mind that on those two latter occasions 
sixjcial pains were taken to remove as large drops as possible, 
we may safely conclude that the drops used in my experiments 
were at leasts equal to the of a minim, or *0029 ml. One of 
those drops could be applied to three or even four glands, and 
if the tentacles became inflected, sonic of the solution must 
have l^cn absorbed by all; for drops of pure water, applied 
ill the same manner, never produced any effect. I wjis able to 
bold the drop in steady cmitact with the secretion only for ten 
to fifteen seconds ; and this vras not time enough for the diffu- 
sion of all the salt in solution, os was evident, from three or 
four tentacles treated successively with the same drop, often 
becoming inflected. All the matter in solution was even then 
probably not exhausted. 

Leaves were cut off and immersed in a measured 
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quantity of the solution under trial ; the same number of leaves 
l)ejng immersed at the same time, in the same quantity of the 
distilled water which had been used in making the solution. 
The leaves in the two lots were compared at short intervals 
of time, up to 24 hrs., and sometimes to 48 hra. They were 
iramersed by being laid as gently as possible in iiuml)cred 
watch-glasses, and thirty minims (l*77ij ml.) of the solution 
or of water was poured over each. 

Some solutions, for instance that of carbonate of ammonia, 
quickly discolour the glaials ; and as all on the same leaf were 
discoloured sinniltancously, they must all have absorbed some 
of the salt within the same short i)eriod of time. This was 
likewise shown by the simultaneous inflection of the several 
exterior rows of tentacles. If we liad no such evkhmee as 
this, it might liave been Kupi)Oscd that only the glands of the 
exterior and inflected tentacles had absorJ)ed the salt ; or that 
only those on the disc had absorbed it, and had then transmitted 
a motor impulse to the exterior tentacles; but in this latter case 
the exterior tentacles would not have become inflected until 
some time had elapsed, instead of within half an hour, or even 
within a few minutes, as usually occurred. All the glands on 
the same leaf are of nearly the same size, as may l)est Ix) seiai 
by cutting off a narrow transverse strip, and laying it on its 
side; hence their absorbing surfaces arc nearly equal. The 
long-headed glands on the extreme margin must 1)0 excepted, 
as they are much longer than the others; but only the upper 
surface is capable of absorption. Besides the glands, both 
surfaces of the leaves and tlio pedicels of the tentacles bear 
numerous minute i)apillrc, which alisorb carlx)nato of ammonia, 
an infusion of raw meat, metallic salts, and probably many 
other substances, but the absorption of matter by these papillw 
never induces inflection. We must remember that the movo 
ment of each seimrate tentacle depends on its gland being 
excited, except when a motor impulse is transmitted from the 
glands of the disc, and then the movement, os just stated 
does not take place until some little time has elapsed. 1 have 
made these remarks Ijecause they show us that when a leaf is 
immersed in a solution, and the tentacles are inflected, \\c can 
judge with some accuracy how much of the salt each gland has 
absorbed. For instance, if a leaf bearing 212 glands bo immersed 
in a measured quantity of a solution, containing of a grain of 
a salt, and all the exterior tentacles, exenpt twelve, are inflected, 
we may feel sure that each of the 200 glands can on an average 
have absorbed at most of a grain of the salt. 1 say at 
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mo.st, for the papillro will have absorbed some small amount, 
and so will perhaps the glands of the twelve excluded tentacles 
wliich did not become inflected. The application of this prin- 
ciple loads to rcjmarkable conclusions with respect to the 
minuteness of the doses causing inflection. 

On the Action of Distilled Water in causing Inflection, 

Although in all the more important cxi3erimcnts the dit- 
ference between the leaves simultaneously immersed in water 
and in the several solutions will l)c described, iievertlieless it 
may Ix) well hero to give a summary of the effects of water. 
The fa(it, moreovtjr, of i)nre water acting on the glands deserves 
in itself some notice. Leaves to the number of 141 were im- 
mersed in water at the same timo with those in the solutions, 
and their state recorded at short intervals of time. Thirty-two 
other leaves were separately observed in water, making alto- 
gether 173 experiments. Many scores of leaves were also im- 
mersed in water at other times, but no exact record of the 
effects produced was kept ; yet these cursory observations su]> 
ix)rt the conclusions arrived at in this chapter. A few of the 
long-lieaded tentacles, namely from one to about six, were 
commonly inflected within half an hour after immersion; as 
were occasionally a few, and rarely a considerable number of 
the exterior round-headed tentacles. After an immersion of 
from 6 to 8 hrs. the short tentacles surrounding the outer 
parts of the disc generally become inflected, so that their glands 
form a small dark ring on the disc; the exterior tentacles 
(Hot partaking of this movement. Hence, excepting in a few 
cases hereafter to be si)ecifled, wo can judge whether a solution 
produces any effect only by observing the exterior tentacles 
within the first 3 or 4 hrs. after immersion. 

Now for a summary of the state of the 173 leaves after an 
immersion of 3 or 4 hrs. in pure water. One leaf had almost 
all its tentacles inflected ; three leaves had most of them sub- 
inflected; and thirteen had on an average 36*5 tentacles in- 
flected. Thus seventeen loaves out of the 173 were acted on in 
a marked manner. Eighteen leaves had from seven to nineteen 
tentacles inflected, the average l)eing 9*3 tentacles for each 
leaf Forty-four leaves hod from one to six tentacles inflected, 
generally the long-headed ones. So that altogether of the 173 
leaves carefully observed, seventy-nine were affected by the 
water in some degree, though commonly to a very slight degree ; 
and ninety-four were not affected in the least degree. This 
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amount of inflection is utterly insif^nificant, os we shall here- 
after see, conii-vircd with that caused hy very weak solutions 
of several salts of ammonia. 

Plants which Jiave lived for sonic time in a rather high 
temiieratnre are far more sensitive to the action of water than 
those grown out of doors, or reccuitly brought into a warm 
greenlioiisc. Thus in the al»ove sc*vcnte(?n cases, in which the 
immersed leaves had a considerable nunilwr of tentJiclcs in- 
flected, tliG plants had Iw'eii kept during the winter in a very 
warm greenhouse ; and they lx)re in the early spring remarkably 
fine le.avcs, of a light red colour. Had 1 then known that the 
sensitiveness of plants was thus increased, perhaps I should 
not liave used the leaves for my experiments with the very 
weak solutions of phosidiate of ainiiioiiia ; but my exptirimonts 
are not thus vitiated, as I invariably used leaves from the same 
plants for simultaneous imniersion in water. It often happtmed 
that some leaves on the same plant, and some tentacles on the 
same leaf, \voro more sensitive than others ; but why this should 
be so, I do not know. 

Besides the differences just indicated between the leaves im- 
mersed in wat(jr and in weak 
solutions of ammonia, the ten- 
tacles of the latter are in most 
cases much more closely in- 
flected. The appi'araiicc of a 
leaf after immersion in a few 
drops of a solution of one grain 
of phosphate of ammonia to 
2U0 oz. of water (i.o. one parfl^ 
to 87,500) is hero reproduced : 
such energetic inflectiem is 
never caused by w^ater alone. 
With leaves in the weak solu- 
tions, the blade or lamina often 
l)ecomcs inflected ; and this is 
BO rare a circumstance with 
leaves in water that I have 



Fig. 9. 

{UroMra rotundifolia,') 

Lear (f'nl»rgi>d) with all the tontanloa 
chtHoly inflcctnd, from immersion in a 
solution or pliosphiitc of umniunia (one 
part to 87,5U0 of water). 


seen only two instances; and 
in both of these tho inflec- 
tion was very feeble. Again, 
with leaves in the weak solu- 
tions, the inflection of tho ten- 


tacles and blade often goes on 
steatlily, though slowly, increasing during many hours; and 
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this again is so rare a circumstance with leaves in water that 
I have seen only tlireo instances of any such increase after tlie 
first 8 to 12 In'S.; and in tliese three instances the two outer 
rows of tentacles were not at all affected. Hence there is some- 
times a juucli great (Ji* difference between the leaves in water and 
in the weak solutions, after from 8 hrs. to 24 lirs., than there 
was within the first 8 hrs. ; though as a general rule it is best 
to trust to the diffcirence observed within the shorter time. 

With respect to the period of the rc-expaiision of the leaves, 
when left immersed either in vrater or in the weak solutions, 
nothing could bo more variable. In both cascjs the exterior 
tentacles not rarely begin to rc-expand, after an interval of 
only from 6 to 8 hrs. ; that is just about the time when the 
short tentacles round the borders of the disc become inflected. 
On the otlitjr hand, the tentacles sometimes remain inflected 
for a whole day, or Qven two days ; but as a general rule they 
remain inflected for a longer period in very weak solutions than 
in water. In solutions which are not extremely weak, they 
never re-cx[)and within nearly so short a period as six or 
eight hours. From tlu^c statements it might bo thought 
difficult to distinguish l)etwcen the effects of water and the 
weaker solutions ; but in truth there is not the slightest diffi- 
culty until excessively w'cak solutions are tried ; and then the 
distinction, as might be ex^KJcted, becomes very doubtful, and 
at last disappears. J3ut jis in all, except the simplest, cases 
the state of the leaves simultaneously immersed for an equal 
length of time in water and in the solutions will be described, 
the reader can judge for himself. 


Carbonate of Ammonia. 

This salt, when absorbed by tlie routs, does not cause 
the tentacles to be inflected. A plant was so j)lacod 
in a solution of one ])art of the (mrbonate to 140 of 
water tliat the ymnig; uninjured roots could be ob- 
served. The terminal cells, whicli were of a pink 
colour, instantly becumc colonrli^ss, and their limpid 
contents cloudy, like a mezzo-tinto engraving, so that 
some degree of aggregation was almost instantly 
caused; but no further change ensiujd, and the ab- 
sorbent hairs were not visibly affected. The tentacles 



142 


DROSERA UOTUNDIFOLIA. 


Chap. VII. 


did not bond. Two other plants wore placed with 
their roots siirroniided by dainj) moss, in half an uiinoo 
(14* 198 ml.) of a solution of om? part of th(^ carbo- 
nate to 218 of water, ami wore observed for 24 hrs. ; 
but not a siuglo tentacle was iul!i.»ctod. In ordcu* to 
])roduee this eftbet, the earboiiato must bo absorbed 
by the glands. 

The vapour produces a powerful eflbet on the glands, 
and induces inflection. Three ])lauts with lh<‘ir roots 
in bottles, so that the surrounding air couhl not have 
b('come very humul, wore placed under a b(‘l 1-glass 
(holding 122 fluid ounces), togtdher with 4 grains 
of carbonate of aiiniionia in a watcli-glass. Aft(?r an 
interval of fl hrs. loin, the leaves appe^ared unallected ; 
but U(?xt morning, after 20 hrs., the blackened glands 
were secreting co])iously, and most of the tentach*s 
were strongly inflected. These plants soon di(Ml. 
Two other plants were phased unthn* th(5 same Ixdl- 
glass, together with half a grain of the carbonates the 
air being rendered as damp as possibh) and in 2 hrs. 
most of the leaves were aftected, many of the glands 
being blackened and the tmitac.les inflcctcjd. Ihit it is 
a curious fact that some of the closely adjoining ten- 
tacles on the same leaf, both on the disc and round 
the margins, weYe much, and some, apparently, not in 
the least affected. The plants were kept under the 
bell-glass for 24 hrs., but no further ohang(^ ensued. 
One healthy leaf was hardly at all aflected, though 
either leaves on the same plant were much affected. 
On some heaves all the tentacles on one side, but not 
those on the opposite side, w^jre inflected. I doubt 
whether this extremely unequal action can be ex- 
plained by supposing that the more active glands 
absorb all the vapour as quickly as it is generated, so 
tlmt none is left for the others ; for we shall meet with 
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analogous oases with air thoroughly permeated with 
the vajxiurs of oliloroform and ether. 

Jliiiute partieles of the carbonate were added to the 
seenjtiou surrounding several glands. Theses instantly 
Ix^eamo bhwk and sesorestcMl e'opiously ; but, (^xesespt in 
two iustaiK^es, when extremely minute partieles were 
given, there was no inflecstion. Tliis result is analo- 
gous to that which follows from the immersion of 
leaves in a strong solution of one j)art of the carbonate 
to lOf), or 1*4(), or e‘ven 21 S of wat(T, for the leaves 
are then ])aralyse(l and no iullection ensues, though 
the glands are blackened, and 'the protojdasm in the 
cells of the tentacies undergoes strong aggregation. 


We will now turn to the effects of solutions of tlie carlwiiatc. 
llall-miiiinis of a solution- of one part to d37 of water were placed 
on the discs of twelve leaves ; so that each received „ Jy of a grain 
or 'OGTo mg. Ten of these had their exterior tentacles well 
inflected ; the blades of some being also much curved inwards. 
In two cases several of the exterior tentacles were inflected in 
35 m.; but the movement was generally slower. These ten 
leaves rc-ox])auded in periods varying between 21 hrs. and 
45 lirs., but in one case not until G7 hrs. had elapsed ; so that 
they re-cxi)andcd much more quickly than leaves which have 
caught insects. 

The same-sized drops of a solution of one part to 875 of water 
wore placed on tlio discs of eleven leaves; six remained quite 
unaffected, whilst five liad from tliree to six or eight of their 
exterior tentacles inflected; but this degree of movement can 
hardly bo considered as trustworthy. Each of these leaves 
received jjlyj of a grain (*0337 mg,), distributed between the 
glands of the disc, but this was too small an amount to produce 
any decided effect on the exterior tentacles, tlie glands of wliich 
had not themselves received any of the salt. 

Minute drops on the head of a small pin, of a, solution of one 
part of the carbonate to 218 of water, were next tried in tlie 
manner above described. A drop of this kind equals on an 
average of a minim, and therefore contains of a grain 
(•0135 mg.) of the carbonate. I touched with it the viscid 
secretion round tliree glands, so that each gland received only 
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TT-Wof a grain (-00445 mg.). Novortliolcas, in two trials nil 
the glands wore plainly blackened ; in one case all throe tentacles 
were well inflected after an interval of 2 lirs. 40 ni. ; and in an- 
other case two of ilio throe tentacles were inflected. I then 
tried drop.s of a weaker solution of one part to 202 of water on 
tw’enty-four glands, always touching the viscid secretion round 
three glands with the same little drop. Each gland thus received 
only the jirJ oc) a grain (*00337 mg.), yet some of them worn 
a little darkened ; but in no one instance were any of the ten- 
tacles inflected, though they were watched for 12 hrs.'* When a 
still weaker solution (viz. ofte part to 437 of water) was tried on 
six glands, no effect whatever wa.s perttepfiblo. Wo thus learn 
that the yrtion of a grain (*00415 mg.) of carbonate of ammonia, 
if absorl)ed by a glnnd, suffices to induce infleciitm in the basal 
part of the same tentacle;' but as already stated, I was abhj to 
hold with a steady hand tlie iniimto drops in contact with the 
secretion only for a few' seconds; and if more time had l)ecn 
allow'cd for diffusion and al)sorption, a much W'cakcr solution 
would certainly have acted. 

Some Gxperimcjnts w-ere made by immersing cut-off leaves in 
solutions of different strengths. Thus four leaves w’ere left for 
about 8 hrs. each in a drachm (3*549 ml.) of a solution of ono 
part of the carbonate to 5250 of w-ater; two of these had almost 
every tentacle inflected, the third had al)Out half tho tcmtacles 
and the fourth alx}ut one-third inflected ; and all tlie glands were 
blackened. Another’ leaf was placed in the same ({uantity of a 
solution of one part to 7000 of water, and in 1 hr. 1(5 ni. every 
single tentacle w^as well inflected, and all tho glands hlackcned. 
Six leaves were immersed, each in thirty miriini.s (1*774 ml.) of 
a solution of ono part (o 4375 of water, and the glands were all 
blackened in 31 m. All six leaves exhibited some slight inflec- 
tion, and one was strongly inflected. Four leaves were then 
immersed in thirty minims of a solution of one part to 8750 of 
water, so that each leaf received the 3 J 0 of a grain (*2025 mg.). 
Only ono became strongly inflected; but all the glands on all 
tho leaves were of so dark a red after ono hour as almost to 
deserve to bo called bLack, whereas this did not occur with tho 
leaves whicli were at tlic same time imnierscd in water ; nor did 
water produce this effect on any other occ;isioii in nearly so 
short a time as an hour. These cases of tho simultaneous 
darkening or blackening of tho glands from tho action of weak 
solutions are important, as they show that ail the glands absorbed 
tho carbonate within tho same timo, which fact indeed there 
was not the least reason to doubt. So again, whenever all tho 
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tontaclcs become inflected within the same time, we liave 
evidence, as before remarked, of simultaneous absorption. I 
did not count the numlx)r of glands on these four leaves ; but 
as they were fine ones, and as wo know that the average number 
of glands on thirty-one leaves was 192, we may safely assume 
that each bore on an average at least 170; and if so, each 
blackened gland could have absorl)ed only Siloo a grain 
(*00119 mg.) of the carbonate. 

A large number of trials had l)eon previously made with 
solutions of one i)art of the nitrate and phosphate of ammonia to 
1B750 of water (i.c. one grain to 100 ounces), and tJiese were 
found highly ellicieiit. Fourteen leaves wore therefore placed, 
each in thirty minims of a solution of one part of the carbonate 
to the above <iuantit,y of water; so that each leaf received 
of a grain (‘OlOo mg.). The glands were not much darkened. 
T(ju of the leaves wore not alfceted, or only very slightly so. 
Pour, howevej*, were strongly aflected ; the first liaving all the 
tentacles, except forty, inflected in 47 m. ; in G hrs. 30 in. all 
except eight ; and aft(jr 4 hrs. the blade itself. The second leaf 
after 9 m. had all its tentacles except nine inflected; after 6 hrs. 
30 111 . these nine were sub-inflected ; the blade liaving liecomo 
much inflected in 4 hrs. The third leaf after 1 hr. 6 m. had all 
but forty tentacles inflected. The fourth, after 2 hrs. 5 m., had 
about half its teiitachis and after 4 hrs. all but forty-five in- 
flected. Loaves lyhich were immersed in water at the same time 
were not at all affected, with the exception of one ; and tliis not 
until 8 hrs. had elapsed. Hence there can be no doubt that a 
highly sensitive leaf, if iinmcrKcd in a solution, so that all the 
glands are enabled to absorb, is acted on by yaoo of a grain of 
the carbonate. Assuming that the leaf, which was a large one, 
and wliicli liad all its tentacles excciiting eight inflected, bore 
170 glands, each gland could have absorlx?d only of a 

grain (*00024 mg.) ; yet this sufliccd to act on each of the 162 
tentacles which were inflected. Hut as only four out of the above 
fourteen leaves wore plainly affected, this is nearly the mini- 
mum dose which is efficient. 

^yt/regation of the Protoplaam from the Action of Carbonate of 
Ammonia , — ^1 have fully described in the third chapter the 
remarkable effects of moderately strong doses of this salt in 
causing the aggregation of the protoplasm within the cells of 
the glands and tentacles ; and here my object is merely to show 
what small doses suffice. A leaf was immersed in twenty 
minims (1*183 ml.) of a solution of one part to 1750 of water, 

L 
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and another loaf in the same quantity of a solution of one part 
to 30G2 ; in the former case aggregation occniTod in 4 m., in tho 
latter in 11 m. A leaf was then immei'scd in twenty niinims of 
a solution of one part to 4375 of water, so that it received ^ of 
a grain (‘27 mg.) ; in 5 m. there w'as a slight change of colour 
in the glands, and in 15 m. small sjdiercs of protoplasm were 
formed in tho cells beneath tho glands of «// the tentacles. In 
these cases there could not Ijc a shadow of a doubt about the 
action of the solution. 

A solution was then made of one part to 5250 of water, and I 
experimented on fourtcMin leaves, but will give only a few of the 
cas(j8. Eight young leaves were sidccted and cxaminiid with 
care, and they showed no trace of aggregation. Four of these 
were placed in a drachm (3‘5.19 ml.) of distilled water ; and four 
in a similar vessel, with a drachm of the solution. Afhir a time 
the leaves were examined under a high power, being taken alter- 
nately from the solution and the water. The fii*st leaf was taken 
out of the solution after an immersion of 2 hrs. 40 m., and the 
last leaf out of the water after 3 hrs. 50 m.; tho examination 
lasting for 1 hr. 40 ra. In tho four leaves out of tho water there 
w’as no trace of aggregation except in one specimen, in which a 
very few, extremely minute spheres of protoplasm were present 
Ix^ncath some of the round glands. All tho glands were trans- 
hieeut and red. The four leaves which had been immersed in 
the solution, l)esidos being inflected, prcscntcd,a widely different 
ap])carancc ; for the contents of the cells of every single tcntacjlc 
on all four leaves were conspicuously aggregated ; the s])liorcs 
and elongated masses of x)rotop1a.sm in many cases extending 
halfway down the tcntach's. All the glands, both those} of th(} 
central and exterior tentacles, wore opaque and blackened ; and 
this shows that all had absorbed some of tho carbonate. These 
four leaves were of very nearly the same size, and the glands 
wrere counted on one and found to be 167. This being iho case, 
and the four leaves having hoeu immersed in a drachm of the 
solution, each gland could have received on an average only 
VJ.M 2 8 grain (*001009 mg.) of the salt; and this quantity 
sufficed to induce within a short time conspicuous aggregation 
ill the cells beneath all tho glands. 

A vigorous but rather small red leaf was placed in six 
minims of the same solution (viz. one part to 5250 of water), so 
that it received of a grain (*0675 mg.). In 40 m. the glands 
appeared rather darker; and in 1 lir. from four to six spheres 
of protoplasm were formed in the cells beneath the glands of 
all the tentacles. 1 did not count tho tentacles, but we may 
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safely assume that there were at least 140; and if so, each 
gland could have received only the T 34 V 00 of a grain, or 
•0t)048 mg. 

A weaker solution was then made of one part to 7000 of water, 
and four leavcjs were immersed in it ; but I will give only one 
case. A leaf was placed in ten minims of this solution ; after 
1 hr. 37 m. the glands became somewhat darker, and the cells 
beneath all of tliem now contained many spheres of aggregated 
protoplasm. This loaf received of a grain, and bore lOO 
glands. Each gland could, therefore, have received only 
of a grain ( ‘OOGoO? mg.) of the carlK)nate. 

Two other experiments are worth giving. A leaf was im- 
mersed for 4 Ill’s. 15 m. in distil lofl water, and there w’as no 
aggregation; it was then idaced lor 1 hr. 15 m. in a little solu- 
tion of one part to 5250 of water; and this excited well-marked 
aggregaiion aiul inflection. Anotluii* leaf, after having been 
immersed for 21 hrs. 15 m. in distilk^d water, had its glands 
blackened, but there was no aggregation in the cells beneath 
them; it was tlum left in six minims of the same solution, and 
in 1 hr. there was much aggregation in many of the tentacles; 
in 2 hrs. all the tentacles (IIG in number) were affected — tlu^ 
aggregation extending down for a length equal to half or the 
whole i)f the glands. It is extremely improbable that these two 
loaves would have iindtirgoiio aggregation if they had been left 
for a little longer in tlio water, iiaiiwly tor 1 hr. and 1 hr. 15 in., 
during which time they were iininersed in the solution ; for the 
proc(iss of aggregation seems invariably to supervene slowly and 
very gradually in water. 

Summary of the liesvlts with Carbonate of Ammonia , — 
Tlie roots absorb tlio solution, us sliowii by their cliang:(‘tl 
etolour, and by the aj^gregatioii of tht* eonteiits ol* tln?ir 
<5clls. The vapour is absorbt^d by the glands; tln^se 
are blac.keniHl, and tlie tentaeles are iiilloctod. Tin* 
glands of the dise, when excited by a half-minim droji 
(•()29(} ml.), containing of a grain (•067.1 mg.), 
transmit a motor impnlso to the oxttnnor t(»ntaclc‘s, 
causing them to bend inwards. A iniimte dro]), con- 
taining Trioir grain (*00445 mg.), if held for a 
few seconds in contact with a gland, soon causes tln^ 
tentacle hearing it to be inflected. If a loaf is h.d‘t 
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iinin(»rs<.Ml for a low liours in a sohitioii, and a gland 
absorbs the T.r«- 4 i. .. grain (’00048 ing.), its (^olonr 
booomos darker, though not actually black ; and tlu? 
contents of the (rolls bonoath the gland are ]dainly 
aggregated. Lastly, under the same? cir(Mnnstanc(‘s, 
tlie absorption by a gland of the .t„Vh oi. grain 
(’00024 nig.) suffices to (‘X(rite the t('nta(do bearing this 
«j:hind into movement. 


Nitrate of Ammonia. 

With the salt I attended only to the inflection of the leaves, 
for it is far les.s efficient than tlie carbonate in causing aggrega- 
tion, although considerably more potent in causing inflection. 1 
(ixixjrimentcd with lialf-mininis (*0290 ml.) on the discs of fifty- 
two leaves, but will give only a few cases. A solution of one 
part to 109 of water was too strong, causing little inflection, and 
after 24 hrs. killing, or nearly killing, four out of six leaves 
which were thus tried ; each of which received the grain 

(or ’27 rag.). A solution of one part to 218 of water aerted most 
energetically, causing not only the tentacles of all tlie leaves, 
bat the blades of some, to lie strongly inflected. Fourteen 
leaves were tried with drops of a solution of one part to 875 
of water, so that the disc of each received the of a grain 
(*0887 mg.). Of these leaves, seven were very strongly acted on, 
the edges being generally inflected ; two were moderately acted 
on ; and five not at all. 1 subsequently tried tlirco of these latter 
five leaves with urine, saliva, and mucus, but they were only 
slightly affected ; and this proves that they were not in an a(;tivo 
condition. I mention this fact to sliow how necessary it is to 
experiment on several leavcjs. Two of the leaves, which were 
well inflected, rc-expanded after 51 hrs. 

In the following experiment I happened to select very sensi- 
tive leaves. Ilalf-minims of a solution of one part to 1094 of 
water (i o. 1 gr. to 2i oz.) wore placed on the discs of nine leaves, 
so that each received the of a grain (*027 mg.). Three of 
them hod their tentacles strongly inflected and their blades curled 
inwards ; five were slightly and soniewliat doubtfully affected, 
having from three to eight of their exterior tentacles inflected : 
one' leaf was not at all affected, yet was afterwards acted on by 
saliva. In six of these coses, a trace of action was perceptible in 



Chap. VII. 


NITRATE OF AMMONIA. 


149 


7 hrs., but the full effect was not produced until from 24 hrs. to 
30 lirs. had elapsed. Two of the leaves, which were only slightly 
inflected, re-expanded after an additional interval of 19 hrs. 

llalf-niiiiims of a rather weaker solution, viz. of one part to 
1312 of water (1 gr. to 3 oz.) were tried on fourteen leaves ; so that 
each received jj-^Vo ^ grain (‘0225 mg.), instead of, as in the last 
experiment, ^ grain. The blade of one was plainly in- 

flected, as were six of the exterior tentacles ; the blade of a second 
was slightly, and two of the exterior tentacles well, inflected, all 
the other tentacles licing curled in at right angles to the disc ; 
thrtio other leaves ha<l from five to eight tentacles inflected ; five 
others only two or three, and occasionally, though very rarely, 
dro))s of pure water cause this much aettion ; the four remaining 
leaves were in no way affected, yet three of them, when subse- 
quently tried with urine, lx3came greatly inflected. In most of 
ih(!se cases a slight cffe<*t was perceptible in from 6 hrs. to 
7 hrs., but the full effect was not xu'oduced until from 24 hrs. 
to 30 hrs. had elai)sed. It is obvious that we have here reached 
very lU'arly the minimum amount, which, distributed between 
the glands of the disc, acts on the exterior tentacles ; these 
having themselves not received any of the solution. 

In th(^ next place, the viscid secretion round three of the 
exterior glands was touched with the same little drop of a 
minim) of a solution of one part to 437 of water ; and after an 
interval of 2 hrs. 50 m. all three tentacles were well inflcictcd. 
Each of these glands could have received only the ^hIoo 
grain, or 00225 mg. A little droi»of the same size and strength 
was also axtplied to four otlujr glands, and in 1 hr. two became 
inflected, whilst the other two never moved. We here see, as in 
the case of the half-minims placed on the. discs, that the nitrate 
of ammonia is more potent in causing inflection than the car- 
bonate ; for minute drops of the latter salt of tliis strength pro- 
duced no eff(jct. I tried minute drops of a still weaker solution 
of the nitrate, viz. one part to 875 of water, on twenty-one 
glands, but no effect whatever was produced, except perhaps in 
one instance. 

Sixty-three leaves were immersed in solutions of various 
strengths ; other leaves lieing immersed at the same time in the 
same pure water used in making the solutions. The results arc 
so remarkable, though less so than with phosphate of ammonia, 
that I must describe the experiments in detail, but I will give 
only a few. In speaking of the succcssivo periods when 
inflection occurred, I always reckon from the time of first 
immersion. 
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Having made some preliminary trials as a guide, five leaves 
were placed in the same little vessel in thirty minims of a solu- 
tion of one part of the nitrate to 7870 of water (I gr. to 18 oz.); 
and this amount of fluid just sufliced to cover them. After 
2 Ill’s. 10 m. three of the leaves were considerably iiiflocteil, and 
tlio other two moderately. The glands of all Iwcame of so dark 
a red as almost to deserve to lie called black. After 8 hrs. four 
of the leaves had all their tentacles more or less inflected ; whilst 
the fifth, which I then perceived to be an old leaf, had only thirty 
tentacles inflected. Next morning, after 23 hrs. 40 m., all the 
l(;aves were in the same state, except ing that the old leaf laul a 
few more tentacles inflected. Five leaves which had been ])laccd 
at the same time in water w(!re observed at tlie same intervals 
of time; after 2 hrs. 10 in. two of fJiem hiul four, one had seven, 
one Jiad ten, of the long-headed marginal tentacles, and the 
fifth hiid four round-head('d tentacles, 'inflected. After 8 hrs. 
there was no change in these leaves, and after 24 hrs. all the 
marginal tentacles had rc-expaiided ; but in one leaf, a dozen, and 
in a second leaf, half a dozen, subinargiiial tentacles had iKJCome 
inflected. As the glands of the five leaves in the solution were 
simultaneously darkened, no doubt they had all absorln'd a nearly 
ecpial amount of the salt: and as of a grain was given to the 
five leaves together, each got of a grain (*Q45 nig.). I did 
not count the tentacles on these leaves, which were moderately 
fine ones, but as the average numlier on thirty-one leaves was 
192, it w’ould be safe to assume that each bore on an avewage at 
least IGO. If so, each of the darkened glands could have 
received only ^ grain of the nitrate; and this caused 

the inflection of a great majority of the tentacles. 

This plan of immersing several leaves in the same vessel 
is a bad one, as it is imixissible to feel sure that tlio more 
vigorous leaves do not rob the wciaker ones of their share of 
the salt. The glainls, moreover, must often touch one another 
or the sides of the vessel, and movement may have b(‘cn thus 
excited; but the corresyionding leaves in \vat(jr, which were 
little inflected, though rather more so than commonly occurs, 
were expased in an almost equal degree to these same sources 
of error. I will, therefore, give only one other experiment made 
in this manner, though many were tried and all confirmed 
the foregoing and following results. Four leaves were placed 
in forty minims of a solution of one part to 10,600 of water; 
and assuming that they absorlicd equally, each leaf received 
,1^5 2 of a grain (’0562 mg.). After 1 hr. 20 m. many of the 
tentacles on ail four leaves were somewhat inflected. After 
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5 hrs. 30 m. two leaves had all Ihcir tentacles inflected; a 
third leaf all except the extreme marginals, which seemed old 
and torpid; and the fourth a largo numl)cr. After 5J1 hrs. 
every single tentacle, on all four loaves, was closely inflected. 
Of the four leaves placed at the same time in water, one had, 
after 5 hrs. 45 in., five marginal tentacles inflected; a second, 
ten; a third, nine marginals and submarginals; and the fourth, 
twelve, chiefly submarginals, inflected. After 21 hrs. all these 
marginal tentacles rc-exiiancled, but a few of the submarginals 
on two of tluj leaves rcimained slightly curved inwards. The 
contrast was wonderfully great Ixitwocn these four leaves in 
water and those in the solution, the latter having every one of 
their tentacles closely inflected. Making the moderate assump- 
tion that each of those leaves l)orc 160 tentacles, each gland 
could have absorbed only of a grain (*000351 mg.). 

This oxjxiriment was, repeated on three leaves with the same 
relative amount of the solution ; and after G hrs. 15 m. all the 
tentacles excei)t nine, on all three leaves taken together, were 
closely iiiflciiited. In this case the tentacles on each leaf were 
couiitcjd, and gave an average of 1G2 per leaf. 

The following experiments were tried during the summer of 
1873, by placing the leaves, eacli in a separate Avatch-glass and 
])ourirg over it thirty minims (1*775 ml.) of the solution; other 
leaves being treated in exactly the same manner with the 
doubly distilled water used in making the solutions. The 
trials above given were made several years before, and when I 
read over my notes, I could not Ixjlicve in the results; so 1 
resolved to begin again with moderately strong solutions. Six 
leaves were first immersed, each in thirty minims of a solution of 
one part of the nitrate to 8750 of water (1 gr. to 20 oz.), so that 
each received of a grain ( 2025 mg ). Before 30 m. had 
elapsed, four of these leaves were immensely, and two of them 
moderately, inflected. The glands were rendered of a dark 
red. The four corresponding leaves in water were not at all 
alfectcd until 6 hrs. had elapsed, and then only the short ten- 
tacles on tho l)orders of the disc; and their inflection, as 
previously explained, is never of any Bi^niflcaiice. 

Four leaves were immersed, each in thirty minims of a solu- 
tion of one part to 17,500 of water (1 gr. to 40 oz.), so that each 
received ^ of a grain (*101 mg.); and in less than 45 m. three 
of them had all their tentacles, except from four to ton, inflected; 
the blade of one l)oiiig inflected after 6 hrs., and the blade of a 
second after 21 hrs. The fourth leaf was not at all affected. 
The glands of none were darkened. Of tho corresponding leaves 
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ill water, only one had any of its exterior tentacles, namely fire, 
inflected ; after G hrs. in one case, and after 21 lira, in two other 
cases, tlic short tentacles on the borders of the disc formed a 
ring, in the usual manner. 

Four leaves were immersed, each in thirty minims of a solution 
of one part to 48,750 of water (1 gr. to 100 oz.), so that each leaf 
got ytt\ro grain (‘O-lOo mg.). Of these, one was much in- 
flected in 8 m., and after 2 hrs. 7 m. had all the tentacles, 
except thirteen, inflected. The second leaf, after 10 ni., had all 
except three inflected. TJio third and fourth were hardly at all 
affected, scarcely more than the corresponding leaves in water. 
Of the latter, only one wjis affected, this having two tentacles 
inflc(;tcd, with tliose pn the outer parts of the disc forming a 
ring in the usual manner. In the leaf which had all its ten- 
tacles except three inflected in 10 m., each gland (assuming that 
the leaf lx)rt‘ KiO tentacles) could have absorbed only js a iVoo of 
a grain, or *000258 mg. 

Four lefivi!8 wore separately immersed 4is before in a solution 
of one part to 181,250 of water (1 gr. to 300 oz.), so that each 
reccivcil of a grain, or *0185 mg. After 50 m. one loaf had 
all its tentacles except sixteen, and after 8 hrs. 20 in. all but 
fourteen, inflected. The second leaf, after 40 m., Imd all but 
twenty inflected; and after 8 hrs. 10 m. Ixjgan to r(i-expaiid. 
The third, in 3 hrs. had alKmt half its tentacles inflected, which 
began to re-expand Jifter 8 hrs. 15 m. The fourth leaf, after 
3 hrs. 7 m., had only twenty-nine tentacles more or less in- 
flected. Thus three out of the four leaves wcjre strongly acted 
on. It is clear that very sensitive leaves had been accidentally 
selected. The day moreover W'as hot. Tlie four corrcsi)oiiding 
leaves in water were likewise acted on ratlier more than is usual ; 
for after 3 hrs, ono had nine tentacles, another four, and 
another two, and the fourth none, inflected. Witli respect to 
the leaf of which all tlio tentacles, except sixt(^en, were inflectcjd 
after 50 m., each gland (assuming that the leaf boro IGO ten- 
tacles) could lijivo absorbed only grain ( 0000987 

mg.), and tliis appears to l)o al)out tho least quantity of tho 
nitrate whi(4i suiliccs to induce tlie inflection of a single tenhiclo. 

As negative results are inifKirtant in eonflnning the foregoing 
positive ones, eight leaves were immersed as before, each in tliirty 
minims of a solution of one part to 175,000 of water (1 gr. to 
400 oz.), so that each received only of a grain (*0101 mg.). 
This minute quantity produced a slight effect on only four of 
the eight leaves, fine had fifty-six tentacles inflected after 2 hrs. 
13 m. ; a second, twenty-six inflected, or sub-inflected, after 
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38 m.; a third, eighteen inflected, after 1 hr.; and a fourth, 
ten iiifleclod, after 35 m. The four other leaves were not in 
the least affected. Of the eight corresponding leaves in water, 
one had, after 2 hrs. 10 m., nine tentacles, and four others from 
one to four long-headed tentacles, inflected ; the remaining three 
iKjing unaffected. Hence, the 04 V 0 ^ grain given to a sensi- 

tive leaf during wann weather perhaps produces a slight cftect ; 
but wo must bear in mind that occasionally water causes as 
great an amount of inflection as occurred in this last ex- 
periment. 


Summary of the Results with Nitrate of Ammonia . — 
Tlio glands of tlio disc, wlnui <‘X(?ited by a half-minim 
drop ml.), (ioiitaining a grain of the 

nitrates (*027 mg.), transmit a motor im[)iilso to the 
i^xtc^ior tentacles, (jausing thorn to Ixuid inwards. A 
miniit(‘. drop, containing 'ir^rhoif of a grain (*00225 mg.), 
if held for a hiw seconds in contact with a gland, 
(!ansc*s th(^ t<'nta<d(5 bearing this gland to be inflected 
If a leaf is left immersed for a tow hours, and some- 
times for only a f(*w minutes, in a solution of such 
strength that ('ac.h gland can absorb only the Trii-nn)T> 
of a grain (*0000037 mg.), this small amount is 
enough to excit(3 each tentacle into movoment, and 
it boeomes closely inflected. 


rHOSPHATE OF AmMONIA. 

This salt is more jiowerful than the nitrate, even 
in a great(»r degree than the nitrate is more powerful 
than tluj carbonate. This is shown by weaker solu- 
tions of the phosphate acting when dropi)ed on the 
discs, or applied to the glands of the exterior ten- 
tacles, or when loaves are immersed. The difference 
in the power of these thnjo salts, as tried in three 
different ways, supports the results presently to be 
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given, wliieli are so surprising that their credi- 
bility requires every kind of support. In 1872 I 
experimented on twc4v<' immersed leaves, giving oaeli 
only ten minims of a solution; but this was a bad 
method, for so small a quantity liardly eovc»r(‘d tliem. 
None of these experiments will, therefore, ho given, 
thougli they indicate tliat excessively minute doses 
are efficient. When I read ov(?r my notes, in 18711, 
I entirely disbelii^vcd them, and detenu inod to make 
anotlier set of ex[)eriments with scrupulous cans on 
tlie same plan as those made witli the nitrate ; namely 
by placing leaves in watch-glass(^s, and jamring over 
each thirty minims of the solution 'under trial, treat- 
ing at the same time and in the same manner other 
leaves with the distilled water nstal in making the 
solutions. During 1873, seventy-one leaves wenj thus 
tried in solutions of various strengths, and the same 
number in water. Notwithstanding the care taken 
and the number of the trials made, when in the 
following year I looked merely at the rc'sults, without 
reading over my observations, 1 again thought that 
there must have been some error, and thirty-five fresh 
trials- were made with the weak(^st solution ; but 
the results were as jdainly marked as before. Al- 
together, 10() carefully selected leaves were tried, 
both in water and in solutions of the phos])hatc. 
Hence, after the most anxious consideration, [ can 
entertain no doubt of tlie substantial accuracy of my 
results. 

Before giving my experiments, it may be well to premise that 
crystallised phosi)hatc of ammonia, such as I used, contains 
35‘33 per cent, of water of crystallisation ; so that in all the 
following trials the efdcient elements formed only 64*67 per 
cent, of the salt i^d. 

Extremely minute particles of the dry phosphate were placed 
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witli the point of a needle on the secretion surrounding seyeral 
glands. These p)ured forth much secretion, were blackened, 
and ultimately died; but the tentacles moved only slightly. 
The dose, small as it was, evidently was too great, and the 
result was the sjimc as with particles of the carbonate of 
ammonia. 

Ilalf-miiiiins of a solution of one part to 437 of water w’erc 
placed on the discs of three leaves and acted most energetically, 
causing the tentacles of one to l)e inflected in 15 m., and 
the blades of all three to Ik) much curved inwards in 2 hrs. 
15 m. Similar droiis of a solution of one part to 1312 of w'ater, 
(1 gr. to 3 oz.) W'crc then placed on the discs of five leaves, 
so that each received the ^hVo ^ grain (*0225 mg.). After 
8 hrs. the tentacles of four of them were considerably inflected, 
and after 24 hrs. the blades of three. After 48 hrs. all five 
w^ere almost fully rc-expandinl. I may mention with rcsixjct 
to one of these leaves, that a drop of w’ater had t>ecn left 
during the previous 24 hrs. on its disc, but ])r(xluced no effect ; 
and tJiat this was hardly dry when the solution was added. 

Similar drops of a solution of one part to 1750 of water (1 gr. 
to 4 oz.) were next placed on the discs of six leaves ; so that 
each received of a grain (*0169 mg.); after 8 hrs. three of 
them had many tentacles and their blades inflected; two others 
Inid only a few tentacles slightly inflected, and the sixth was 
not at all affected. After 24 hrs. most of the leaves had a feAV 
more tentacles inflected, but one hod l>ogun to ro-expaud. We 
thus see that with the more sensitive leaves the of a grain, 
absoiiwd by the central glands, is enough to make many of the 
exterior tentacles and the blades l)ond, whereas the of a 
grain of the carbonate similarly given produced no cftect; and 
2 ««o grain of the nitrate was only just suflicient to produce 
a well-marked effect. 

A minute droj), ul)Out equal to of ft minim, of a solution of 
one part of the phasifliatc to 875 of w^atcr, w^as applied to the 
secretion on three glands, each of which thus received only 
BTfiofT of ft Rrain (*(10112 mg.), and all three tentacles became 
inflected. Similar drops of a oolution of one part to 1312 of 
water (1 gr. to 3 oz.) were now tried on three leaves; a drop 
being applied to four glands on the same leaf. On the first 
leaf, three of tho tentacles l)ccamo slightly inflected in 6 m., and 
re-eximn<lcd after 8 hrs. 45 m. On the second, two tentacles 
Jbecamo sul)-inflectcd in 12 m. And on the third all four ten- 
tacles were decidedly inflected in 12 m. ; they remained so for 
8 hrs. 30 m., but by tho next morning wore fully re-expanded. 
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In this latter ease each gland could have received only the 
iTrVitit (o** 000568 nig.) of a grain. Lastly, similar drops of a 
solution of one jiart to 1750 of water (1 gr. to 4 oz.) wore tried on 
live leaves ; a drop being applied to four glands on the same 
loaf. The tentacles on tlirce of those leaves wore not in the 
least affected ; on the fourth leaf, two became inflt^cted ; whilst 
on the fifth, which happened to bo a very sensitive one, all four 
tentacles wore jilainly inflected in 6 hrs. 15 m. ; but only one re- 
mained inflected after 24 hrs. 1 should, however, state that in 
this case an unusually largo drop adhered to the hoiul of the 
pin. Each of those glands could have received very little more 
than IS 3 ^ 107 ) of a grain (or *(XX)428); but this small quantity 
sufliced to cause inflection. We must lx>ar in mind that these 
drops were applied to the viscid secretion for only from 10 to 
15 seconds, and wo have good reason to l)elievo that all the 
phosphate in the solution would not be diffused and absorbed in 
this time. AVe have seen umlcr the same', circumstances that the 
al)Sorption by a gland of tjjjTTn of a grain of the carlxmate, and 
of sTaon ^f a grain of the nitrate, did not cause the tentacle l)ear- 
ing the gland in question to be inflected ; so that hen) again the 
phosphate is much more jxjwcrful than the of her two salts. 

We will now turn to the lOG experiments with immersed 
leaves. Having ascertained by repeated trials that moderately 
strong solutions were highly efficient, I coiumouced with sixteen 
leaves, each placed in thirty minims of a solution of one part 
to 43,750 of water (1 gr. to llX) oz.); so that ca(;h rexieived 
of a grain, or *04058 mg. Of these leaves, ehjven hiid 
nearly all or a great numlx;r of tlunr tentacles inflected in 
1 hr., and the twelfth leaf in 3 hrs. One of the eleven had 
every single tentacle closely inflected in 50 m. Two leaves out 
of the sixteen were only moderately affected, yet more so 
than any of tJiosc simultaneously immersed in water ; and the 
remaining two, which were pale leaves, were liardly at all 
affected. Of the sixteen corresponding loaves in water, one 
had nine tentacles, another six, and two others two tentacles 
inflected, in the course of 5 hrs. So that the contrast in 
appearance between the two lots was extremely great. • 

Eighteen leaves were immersed, each in thirty minims of a 
solution of one part to 87,500 of water (1 gr. to 200 oz.), so 
that each received 3 of a grain (*0202 mg.). Fourteen of 
these were strongly inflected within 2 hrs., and some of them 
within 15 m.; throe out of the eighteen 'were only slightly 
affected, having twenty-one, nineteen, and twelve tentacles in- 
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fleeted ; .and one was nut at all acted on. By an accident only 
fifteen, instead of eighteen, leaves were immersed at tlie same 
time in water ; these were observed for 24 hrs. ; one had six, 
auotlu^r four, and a third two, of their outer tentacles inflected ; 
the remainder being quite unaffected. 

Tlie ncjxt experiment was tried under very favourable circiun- 
stances, fort he day (July 8) was very warm, and I ha])pcned 
to have unusually fine huives. Five were immersed as before in 
a solution of oncj i)art to 181,250 of water (1 gr. to 300 oz.), so 
that each received of a grain, or *0135 mg. After an 
immersion of 25 m. all five leaves were much inflected. After 
1 lir. 25 in. one leaf liad all but eight tentacles inflected; the 
second, all but three; the third, all but five ; the fourth, all but 
tAventy-threo ; tlie fifth, on the otlier hand, never had more 
than twenty-four inflected. Of the corresjionding five leaves in 
watiii’, one had seven, a second two, a third ten, a fourth one, 
and a fifth none inflected. Let it he observed what a contrast 
is iiresontcd between these latter leaves and those in the solu- 
tion. I counted the glands on the second leaf in the solution, 
and the number was 217 ; assuming that the three tentacles 
which did not become inflected absorbed notliing, wo find 
that each of the 211 remaining glands could have absorbed 
only loaTaod n gi'aln, or •OOUObBl mg. The third leaf bore 
230 glands, and subtracting the live which did not become in- 
flected, each of the remaining 231 glands could have absorbed 
”nly ifoisoo- of a grain (or -OUlXlOHi mg.), and this amount 
siiftic^cd to cause the tentacles to lx)nd. 

Twelve leaves were tried as liefore in a solution of ono part to 
175,000 of water (1 gr. to 400 oz.), so that each leaf received 
of a grain (*0101 mg.). My plants were not at tho time in 
a good state, and many of the leaves were young and pale. 
Nevertheless, two of them had all their tentacles, except three 
or four, closely inflected in under 1 hr. Seven were con- 
siderably affected, some within 1 lir., and others not until 3 hre., 
4 hrs. 30 m., and 8 hrs. had elapsed; and this slow action 
may be attributed to tho loaves l)oing young and pale. Of 
those nine leaves, foiu* had their blades well infiected, and a 
fifth slightly so. Tho three remaining leaves were not affected. 
With respect to tho twelve corresponding leaves in water, not 
one had its blade inflected; after from 1 to 2 hrs. one had 
thirteen of its outer tentacles inflected; a second six, and foiur 
others either ono or two inflected. After 8 hrs. the outer 
tentacles did not become more inflected ; whereas this occurred 
with the leaves iu tho solution. 1 record in my notes that 
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after the 8 hrs. it was impossible to compare tlio two lots, and 
doubt for an instant the ]:)ower of tlic solution. 

Two of the nlwve leaves in the solution had all their tentacles, 
except three and four, inflected within an lioiir. I counted their 
glands, and, on the same principle as before, each gland on one 
leaf could have absorbed only and on the other leaf 

iTi aiTo 0 • of a grain of the phosphate. 

Twenty leaves were imniei’sed in the usual iiianucr, each in 
thirty minims of a solution of one part to 218,750 of water (I gr. 
to 51X) oz.). So many leaves were tried because I was Ihen 
under the false im])rcssion that it was incredible that any 
weaker solution could produce an effect. Each leaf received 
^Vn» of a grain, or *0081 mg. The first ciglit leaves which 1 
tried both in ihe solution and in water were cither young and 
pale or too old ; and the weather was not hot. They weni liardly 
at all affected ; nevertheless, it woultl bo unfair to exclude them. 

I tlien waited until I got eight ]>airs of fine leaves, and the 
w'cather was favourable ; the temperature of the room where the 
leaves were immei*.sed varying from to 8F (2Jr’8 to 27'''2 
Cent,). In another trial with four pairs (included in the above 
twenty pairs), the tcmi)eratiiro in my room was ratlua* low, 
about 60'^ (15®*5 Cent.); but the plants liad been kci])t for several 
days in a very warm greenhouse and thus rendered (?xtrcmely 
sensitive, Special precautions were taken for this sot of experi- 
ments; a chemist weighed for mo a grain in an excellent 
balance ; and fresh water, given me by Professor Franklaiid, was 
ciircfully measured. The leaves were sclectwl from a large 
number of plants in the following manner : tlic four finc^st were 
immersed in water, and the next four finest in the solution, and 
so on till the twenty pairs w-ero complete. The water spcjcimens 
were thus a little favoured, but they did not undergo more in- 
flection than in the previous cases, comparatively with those 
in the solution. 

Of the twenty leaves in the solution, eleven became inflected 
within 40 m. ; eight of them plainly and three rather doubt- 
fully ; but the latto had at least twenty of their outer tentacles 
inflected. Owing to the weakness of the solution, infl(3ction 
occurred, except in No. 1, much more slowly than in the pre- 
vious trials. The cx)iidition of the cloven leaves which wore 
considerably inflected will now bo given at stated intervals, 
always reckoning from the time of immersion : — 

(1) After only 8 m. a largo number of tentacles inflected, 
and after 17 m. all but fifteen; after 2 hrs. all but eight in- 
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fleeted, or plainly sub-inflected. After 4 hrs. the tentacles 
l)egan to rc-expand, and such prompt re-exi)ansion is unusual ; 
after 7 hrs. 30 in. they were almost fully re-expanded. 

(2) After 30 m. a large numlier of tentacles inflected ; after 
2 hrs. 18 ni. all but twenty-five inflected ; after 4 hrs. 17 m. all 
but sixteen inflected. Tlio leaf remained in this state for many 
liours. 

(3) After 12 m. a considerable amount of inflection; after 
4 hrs. all the teiitachis inflected except those of tlie two outer 
rows, and the leaf remained in this state for some time ; after 

23 hrs. Ixigan to re-ex])and. 

(4) After 40 m. much inflection; after 4 hrs. 13 m. fully half 
the tentacles inflecttM.l; after 23 hrs. still slightly infl(»cted. 

(5) After 10 in. much inflection; after 4 hrs. 22 m. fully half 
the tentacles inflected; after 23 hrs. still slightly inflected. 

(G) After 40 in. some inflection ; after 2 hrs. 18 m. about 
twentyjciglit outer tentaciles inflected ; after 5 hrs. 20 m. about a 
third of the tentacles inflected; after 8 hrs. much re-expanded. 

(7) After 20 m. sonic inflection ; after 2 lirs. a considerable 
number of tentacles inflected; after 7 hrs. 45 m. began to 
re-expand. 

(8) After 38 ra. twenty-eight tentacles inflected ; after 3 hrs. 
45 m. thirty-throe inflected, with most of the suhmarginal 
tentacles snli-infl(‘cted ; continued so for two days, and then 
liartially re-expanded. 

(0) After 38 111 . forty-two tentacles inflected; after 3 hrs. 
12 m. sixty-six inflected or snlwnflectod ; after 6 hrs. 40 m. all 
but twenty-four inflected or sub-inflected ; after 9 lirs. 40 ni. all 
but seventeen inflected ; after 24 hrs. all hut four inflected or 
sul)-iiifloctcd, only a tew being closely inflected; after 27 lirs. 
40 m. tlio blade inflected. Tlio leaf remained in tliis state for 
two days, and then began to rc-expaud. 

(10) After 38 m. twciity-ouo tentacles inflected; after 3 hrs. 
12 m. forty- six tentacles infleciccl or suh-inflocted ; after 6 hrs. 
40 m. all but seventeen inflected, though none closely; after 

24 hrs. every tentacle slightly curved inwards ; after 27 hrs. 
40 m. blade strongly inflected, and so continued for two days, 
and then the tentacles and blade very slowly re-expanded. 

(11) Tliis line dark rod and rather old leaf, though not very 
large, bore an extraordinary nuinlier of tentacles (viz. 252), and 
liohavcd in an anomalous manner. After G hrs. 40 m. only the 
short tentacles round the outer part of the disc were inflected, 
forming a ring, as so often occui’s in from 8 to 24 hrs. with 
leaves both in water and the weaker solutions. But after 9 hrs. 
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40 m. all the outer tentacles except twenty-five were inflected, 
as was the blade in a strongly marked manner. Aft(*r i24 hrs. 
every tentacle except one was closely inflected, and the blade 
w^as com])lt*tely doubled over. Thus the leaf remained for two 
days, when it began to re-expand. 1 may add that the three 
latter leaves (Nos. 9, 10, and 11) were still somewhat inflected 
after three days. The tentacles in but few of these eleven leaves 
became cIos' Ji/ inflected within so short a time as in the pre- 
vious experiments with stronger solutions. 

We will now turn to the twenty corresponding l(*aves in water. 
Nine had none of their outer tentacles inflected ; niiKi others 
had from one to three inflected; and these re-exj landed after 
8 hrs. ■ The remaining two leaves were moderately aftV'cted ; one 
having six tentacles inflected in 34 m.; the other twenty-three 
inflected in 2 hrs. 12 m. ; and iKith thus remained for 21 hrs. 
None of these leaves had their blades inflerted. So that the con- 
trast between the twenty leaves in watei* and the twenty, in the 
solution was very great, both within the first hour and after 
from 8 to 12 hrs. had elaiised. 

Of the leaves in the solution, the glands on leaf No. 1, which 
ill 2 hrs. had all its tentacles except eight inflected, were 
counted and found to bo 202. Subtracting tlic eight, each gland 
could have received only the txtJooo* ® COOOOlll mg.) 
of the phosphate. Leaf No. 9 liad 213 tentacles, all of whic-li, 
with the exception of four, were inflected after 24 hrs., but 
none of them closely ; the blade was also inflected ; each gland 
could have received only the th 72000 of ^ ffrain, or •00(X)387 
nig. Lastly, leaf No. 11, wJiich had after 24 hrs. all its ten- 
tacles, except one, closely inflected, as well as the blade, bore 
the unusually largo number of 252 tentacles; and on the same 
principle as licfore, each gland could have absorbed only the 
siroiou® of a, grain, or -0000822 mg. 


With re.spect to the following experiments, I must promise 
that the leaves, both those placed in the solutions and in W'ater, 
w'cre taken from plants which had been kept in a very warm 
greenhouse during the winter. They were thus rendered ex- 
tremely sensitive, as was shown by water exciting them much 
more than in the previous experiments. Before giving my 
observations, it may bo well to remind the reader that, judging 
from thirty-one fine loaves, the average numlicr of tentacles is 
192, and tliat the outer or exterior ones, tlie movements of 
which arc alone significant, are to the short ones on tlic disc in 
the propoi'tion of about sixteen to nine. 
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Four leaves were immersed as before, each in thirty minims 
of a solution of one part to 828,125 of water (1 gr. to 750 oz.). 
Each leaf thus received of a grain (*0054 mg.) of the salt ; 
and all four were greatly inflected. 

(1) After 1 hr. all the outer tentacles but one inflected, and 
the blade greatly so ; after 7 hrs. l)egan to rc-expand. 

(2) After 1 hr. all the outer tentacles but eight inflected; 
after 12 hrs. all ro-expanded. 

(3) After 1 hr. much inflection ; after 2 hrs. 30 m. all the tcn> 
tacles but thirty-six inflected ; after G hrs. all but twenty-two 
inflected ; after 12 hrs. partly re-expanded. 

(4) After 1 hr. all the tentacles but thirty-two inflected; after 
2 hrs. 30 m. all but twenty-one inflected ; after G hrs. almost 
re-expanded. 

Of the four corresponding leaves in water : — 

(1) After 1 hr. fort^^five tentacles inflected ; but after 7 hrs. 
so many had re-expandod that only ten remained much inflected. 

(2) After 1 hr. seven tentacles inflected; these were almost 
re -expanded in 6 hrs. 

(3) and (4) Not affected, except that, as usual, after 11 hrs. 
the short tentacles on the borders of the disc formed a ring. 

There can, therefore, lie no doubt about the efficiency of the 
above solution ; and it follows as before that each gland of No. 1 
could have ab^rbed only 3412000 ® S^ain (00U02G8 mg.) 

and of No. 2 only 3400000 ^ (*0000263 mg.) of the 

phosphate. 

Se^n leaves were immersed, each in thirty minims of a 
solution of one part to 437,500 of water (1 gr. to 1000 oz.). 
Each leaf thus received -ioioo (*00^105 mg.). The day 

was warm, and the leaves were yeiy line, so that all circum- 
stances were favourable. 

(1) After 30 m. all the outer tentacles except five inflected, 
and most of them closely; after 1 In*, blade slightly inflected; 
after 9 hrs. 30 m. began to re-expond. 

(2) After 33 m. all the outer tentacles but twenty-five in- 
flect^, and blade slightly so ; after 1 hr. 30 m. blade strongly 
inflectkl and remained so for 24 hrs. ; but some of the tentacles 
had then re-expanded. 

(3) After 1 hr. all but twelve tentacles inflected ; after 2 hrs. 
30 m. all but nine inflected ; and of the inflected tentacles all 
excepting four closely; blade slightly inflected. After 8 hrs. 
blade quite doubled up, and now all the tentacles excepting 
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eight closely mllcctcd. The leaf remained in this state for two 
days. 

(4) After 2 hrs. 20 m. only fifty-nine tentacles inflected ; but 
after 5 hrs. all the tentiiclcs closely inflected excepting two 
which wore not affected, and eleven which wore only sub-in- 
flected; after 7 hrs. blade considerably inflected ; after 12 hrs. 
much I'e-expansion. 

(5) After 4 hrs. all the tentacles but fourteen inflected; after 
9 hrs. 30 ni. Ix^ginning to re-expand. 

(6) After 1 hr. thirty- six tentacles inflected; after 5 hrs. all 
but fifty- four inflected ; after 12 hrs. considerable re-expansion. 

(7) After 4 hrs. 30 m. only thirty-five tentacles inflected or 
sul>inflected, and this small amount of inflection never increased. 

Now for the seven corresponding leaves in water : — 

(1) After 4 hrs. thirty-eight tentacles inflected; but after 
7 hrs. these, with the exception of six, re-expanded. 

(2) After 4 hrs. 20 m. twenty inflected; these after 9 hrs. 
I)artially re-oxpanded. 

(3) After 4 hrs. five inflected, which began to re-expand after 
7 hrs. 

(4) After 24 hrs. one inflected. 

(5) , (G) and (7) Not at all afi^ted, though observed for 
24 In'S., excepting the short tentacles on the borers of the disc, 
which os usual formed a ring. 

A comparison of the leaves in tlie solution, cs]>ecially of 
the first five or even six on the list, with those in the water, 
after 1 hr. or after 4 hrs., and in a still more marked <^rce 
after 7 hrs. or 8 hrs., could not leave the least donbt th^ the 
solution had produced a great effect. This was shown not only 
by the vastly greater number of inflected tentacles, but by 
the degree or closeness of their inflection, and by that of their 
blades. Tet each gland on leaf No. 1 (which bore 255 glands, all 
of which, excepting five, were inflected in 30 m.) could not have 
received more than one-four-millionth of a grain ('0000162 
mg.) of the salt. Again, each gland on leaf No. 3 (which 
bore 233 glands, all of which, except nine, were inflected in 
2 hrs. 30 m.) could have received at most only the 
a grain, or *0000181 mg. 

Four leaves were immersed as before in a solution of one part 
to 656,250 of water (1 gr. to 1500 oz.) ; but on this occasion I 
happened to select leaves which were very little sensitive, as 
on other occasions 1 chanced to select unusually sensitivo 
leaves. The leaves were not more affected after 12 hrs. than 
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the four corresponding ones in water; but after 24 hrs. they 
were slightly more inflected. Such evidence, however, is not at 
all trustworthy. » 

Twelve leaves were immersed, each in thirty minims of a solu- 
tion of one part to 1,812,500 of water (1 gr. to 3000 oz.); so that 
each leaf received 4 HoTro ^ gtsAn (‘00135 mg.). The leaves were 
not in very good condition ; four of them were too old and of a 
dark red colour ; four were too pale, yet one of these latter acted 
well ; the four others, as far as could bo told by the eye, seemed 
in excellent condition. The result was as follows : — 

(1) This was a pale leaf ; after 40 m. alx)ut thirty-eight ten- 
tacles inflected ; after 3 hrs. 30 m. the blade and many of the 
outer tentacles inflected; after 10 hrs. 15 m. all the tentacles 
but seventeen inflected, and the blade quite doubled up; after 
24 hrs. all the tentacles but ten more or less inflected. Most 
of them were closely inflected, but twenty-five were only sub- 
inflected. 

(2) After 1 hr. 40 m. twenty-five tentacles inflected; after 
6 hrs. all but twenty-one inflected ; after 10 hrs. all but sixteen 
more or less inflected ; after 24 hrs. re-expanded. 

(3) After 1 hr. 40 m. thirty-five inflected; after 6 hrs. *'a 
largo number” (to quote my own memorandum) inflected, 
but from want of time they were not counted ; after 24 hrs. re- 
expanded. 

(4) After 1 hr. 40 m. about thirty inflected ; after 6 hrs. " a 
large number all round the leaf” inflected, but they were not 
counted ; after 10 hrs. began to re-expand. 

(5) to (12) These were not more inflected than leaves often 
are in water, having respectively 16, 8, 10, 8, 4, 9, 14, and 0 ten- 
tacles inflected. Two of these leaves, however, were remarkable 
from having their blades slightly inflected after 6 hrs. 

With respect to the twelve corresponding leaves in water, (1) 
had, after 1 hr. 35 m., fifty tentacles inflected, but after 11 hrs. 
only twenty- two remained so, and these foteeda group, with the 
blade at this point slightly inflected. It appeared as if this leaf 
had been in some manner accidentally excited, for instance by a 
particle of animal matter which was dissolved by the water. 
(2) After 1 hr. 45 m. thirty-two tentacles inflect^, but after 
5 hrs. 30 m. only twenty-five inflected, and these after 10 hrs. 
all re-expanded; (3) after 1 hr. twenty-five inflected, which 
after 10 hrs. 20 m. were all re-expanded; (4) and (5) after 
1 hr. 35 m. six and seven tentacles inflected, which re expanded 
after 11 hrs.; (6), (7) and (8) ftom one to three inflected, wjgiich 

M 2 
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soon rc-oxpancled ; (SJ), (10), (11) and (12) nono inflected, though 
observed for twenty-four liours. 

Comparing the states of the twelve leaves in water with tliosc 
in the s6]ution, there could be no doubt that in the latter a larger 
numl)er of tentacles were inflected, and tliese to a greater degiee ; 
but the evidence was by no moans so clear as in the foimer ex- 
])crimonts with stronger solutions. It deserves attention that the 
inflection of four of the loaves in the solution went on increasing 
during the first 6 hrs., and with some of them for n longer time ; 
whereas in the water the inflection of the three leaves which 
were the most affected, ns well as of all the others, liegan to de- 
crease during this same interval. It is also remarkable that the 
blades of three of the leaves in the solution w’ore slightly in- 
flected, and this i.s a most rare event with leaves in water, 
though it occurred to a slight extent in one (No. 1), which 
seemed to have been in some manner accidentally excited. All 
this shows that the solution produced some effect, though less 
and at a much slower rate than in the previous cases. The 
small effect ]^roduccd may, however, be accounted for in large 
part by the majority of tlie leaves having been in a i>oor con- 
dition. 

Of the leaves in the solution, No. 1 bore 2(X) glands and received 
Tsooo of a grain of the salt Subtracting the seventeen tentacles 
which were not inflected, each gland could have absorbed only 
^^0 of a grain (*00000738 mg.). This amount caused 

the tentacle Ixjaring each gland to be greatly inflected. The 
blade was also inflected. 


Lastly, eight leaves were immersed, each in thirty minims of a 
solution of one part of the phosphate to 21, 875, (XX) of water (1 gr. 
to 50(X) oz.). Each leaf thus received of a grain of the salt, 
or *00081 mg. I took especial pains in selecting tJic finest leaves 
from the hot-house for immersion, both in the solution and the 
water, and almost all^roved extremely sensitive. Beginning as 
before with those in the solution : — 

(1) After 2 hrs. 30 m. all the tentacles but twenty-two in- 
flected, but some only sub-inflected ; the blade much inflected ; 
after 6 hrs. 30 m. all but thirteen inflected, with the blade 
immensely inflected ; and remained so for 48 hrs. 

(2) No change for the first 12 hrs., but after 24 hrs. all the 
tentacles inflected, excepting those of the outermost row, of which 
only eleven were inflected. The inflection continued to increase, 
and after 48 hrs. all the tentacles except three were inflected. 
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and most of them rather closely, four or five being only sub- 
infiectcd. 

(3) No change for the first 12 hrs.; but after 24 lirs. all the 
tentacles excepting those of the outermost row were sub-inflected, 
with the blade inflected. After 86 hrs. blade strongly inflected, 
with all the tentacles, except three, inflected or sub-inflected. 
After 48 hrs. in the same state. 

(4) to (8) These leaves, after 2 hrs. 30 m., had respectively 
32, 17, 7, 4, and 0 tentacles inflected, most of which, after a few 
hours, re-expanded, with the exception of No. 4, which retained 
its thirty-two tentacles inflected for 48 hrs. 

Now for the eight corresixinding leaves in water : — 

(1) After 2 hrs. 40 m. this had twenty of its outer tentacles 
inflected, five of which re-expanded after 6 hrs. 30 m. After 
10 hrs. 15 m. a most unusual circumstance occurred, namely, 
the whole blade became slightly bowed towards the footstalk, 
and so remained for 48 hrs. The exterior tentacles, excepting 
those of the three or four outermost rows, \rere now also in- 
flected to an unusual degree. 

(2) to (8) These leaves, after 2 hrs. 40 m., had respectively 42, 
12, 9, 8, 2, 1, and 0 tentacles inflected, which all re-expanded 
within 24 hrs., and most of them within a much shorter time. 

When the two lots of eight leaves in the solution and in tho 
water were comiMired after the lapse of 24 hrs., they undoubt- 
edly differed much in appearance. The few tentacles on the 
leaves in water which wore inflected had after this interval re- 
expandod, with the exception of one leaf; and this presented 
the very unusual case of the blade being somewhat inflected, 
though in a degree hardly approaching that of the two leaves in 
the solution. Of these latter leaves. No. 1 had almost all its 
tentacles, together wuth its blade, inflected after an immersion 
of 2 hrs. 30 ni. Ijcaves No. 2 and 3 were affected at a much 
slower rate ; but after from 24 hrs. to 48 hrs. almost all their 
tentacles were closely inflected, and the blade of one quite 
doubled up. Wo must tliereforo admit,^ incredible as tho fact 
may at first appear, that this extremely weak solution acted on 
the more sensitive leaves; each of wliich received only the 
of a gi’ain (*00081 mg.) of the phosphate. Now, leaf 
No. 8 boro 178 tentacles, and subtracting the three which were 
not inflected, each gland could have absorbed only tlio Tioc'biJou 
of a grain, or *00000463 mg. Leaf No. 1, which was strongly 
acted on within 2 hrs. 30 m., and had all its outer teutaclesi 
except thirteen, inflected within 6 hrs. 30 m., bore 260 tentacles ; 
and on the same principle as before, each gland could have 
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absorbed only twToo^o of a grain, or •00000328 mg.; and this 
excessively minute amount sufficed to cause all the tentacles 
bearing these glands to be greatly inflected. The blade was also 
inflected. 

Summary of the Besults ivith Phosphate of Atnmonia , — 
The glands of the disc, when excited by a lialf-minim 
drop (-0296 ml.), containing - 5 -^ 1 -,. of a grain (•0169 
mg.) of this salt, transmit a motor imimlse to the 
exterior tentacles, causing them to bend inwards. A 
minute drop, containing tatVo t. of a grain (-000423 
mg.), if held for a few seconds in contact with a 
glaml, causes the tentacle bearing this gland to be 
inflected. If a leaf is left immersed for a few hours, 
and sometimes for a shorter time, in a solution so 
weak that each gland can absorb only the 
of a grain (-00000328 mg.), this is enough to excite 
the tentacle into movement, so that it becomes 
closely inflected, as does sometimes the blade. In 
the general summary to this chapter a few remarks 
will be added, showing that the efficiency of such 
extremely minute doses is not so incredible as it 
must at first appear. 

Sulphate of Ammonm . — The few trials made with this and the 
follow'ing five salts of ammonia were undertaken merely to 
ascertain whether they induced inflection. Half-minims of a 
solution of one part of the sulphate of ammonia to 437 of 
water were placed on the discs of seven leaves, so that each 
received of a grain, or '0675 mg. After 1 hr. the tentacles 
of five of them, as well as the blade of one, were strongly 
inflected. 'I'lie leaves were not afterwards observed. 

Citrate of Amr/ioww.— Half-minims of a solution of one part 
to 437 of water were placed on the discs of six leaves. In 
1 hr. the short outer tentacles round the discs were a little 
inflected, with the glands on the discs blackened. After 
3 hrs. 25 m. one leaf had its blade inflected, but none of the 
exterior tentacles. All six leaves remained in nearly the same 
state during the day, the submarginal tentacles, however. 
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becomiug more inflected. After 23 hrs. tliroo of the leaves had 
their blades somewhat inflected ; and the submarginal tentacles 
of all considerably inflectedj but in none were the two, three, or 
four outer rows affected. 1 have rarely seen cases like this, 
except from the action of a decoction of grass. The glands on the 
discs of the above leaves, instead of being almost black, as after 
the first hour, were now after 23 hrs. very pale. 1 next tried 
on four loaves half-miiiims of a weaker solution, of one part to 
1312 of water (1 gr. to 3 oz.) ; so that each received -g of 
a grain (’0225 mg.). After 2 hrs. 18 m. the glands on the disc 
wore very dark-coloured ; after 24 hrs. two of tlie leaves were 
slightly affected ; the other two nut at all. 

Acetate of Ammonia, — Half-minims of a solution of ahout one 
part to 109 of water were placed on the discs of two leaves, both 
of wiiich were acted on in 5 hrs. 30 m., and after 23 hrs. had 
every single tentacle ck)soly inflected. 

Oxalate of Ilalf-miuims of a solution of one part 

to 218 of water were placed on two leaves, which, after 7 hrs., 
became moderately, and after 23 hrs. strongly, inflected. Two 
other leaves were tried with a weaker solution of one part 
to 437 of water; one \iras strongly inflected in 7 hrs.; the other 
not until 30 hrs. had clapscfL 

TaHmte of Ammonia, — Hjilf-minims of a solution of one part 
to 437 of water wore placed on the discs of five leaves. In 
31 m. there was a trace of inflection in the exterior tentacles of 
some of the leaves, and this became more decided after 1 hr. 
with all the leaves; but the tentacles were never closely in- 
flected. After 8 hrs. 30 m. they liegan to re-expand. Next 
morning, after 23 hrs., all were fully rc-cxpandccl, excepting 
one which was still slightly inflected. The shortness of the 
period of inflection in this and the following case is remark- 
able. 

Chloride of Ammoniam, — Half-minims of a solution of one 
part to 437 of water were placed on the discs of six leaves. 
A decided degree of inflection in the outer and submarginal 
tentacles was perceptible in 25 m. ; and this increased during 
the next three or four hours, but never became strongly marked. 
After only 8 hrs. 30 m. the tentacles began to re-expand, and 
by the next morning, after 24 hrs., were fully re-expanded on 
four of the leaves, but still slightly inflected on two. 

Oeneral Summary and Concluding Bemarhs on the 
Solis of Ammonia , — We have now seen that the nine 
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salts of ammonia which were tried, all cause the in- 
flection of the tentacles, and often of the blade of 
the leaf. As far as can be ascertained from the 
aiipcrfleial trials with the last six salts, the citrate is 
the least powerful, and the phosphate certainly by far 
the most. The tartrate ami chleride arc remarkable 
from the short duration of their action. The rela- 
tive efficiency of the carbonate, nitrate, and phos- 
phate, is shown in the following table by the smallest 
amount which suffices to cause the inflection of the 
tentacles. 


Solutions, how applied. 

Carbonate ot ' Nitrate of 

Ammonia. Ammonia. 

Phosphate of 
Ammonia: 

PlutMtl on tlio glands of i 
the disc, so an to act | 
indirectly on the outer 
tentacles . . . .J 

j!, of a' 
grain, or 
•0675 mg. 

grain, or 
•027ltng. 

38*111 ft 

gram, or 
•0169 mg. 

Applied for a few so-] 
coirdH directly to thcl 
gland of an outer | 
tentacle . . . .j 

nitm 

grain, or 
•00445 mg. 

grain, or 
•0025 mg. 

Tsadiin ft 
gram, or 
•U00423 mg. 

Leaf immersed, with 
* time allowed for each 
gland to alworb ull 
that it can . . 

grain, or 
•00024 mg. 

grain, or 
•0000937 mg. 

T#7llilinB of ft 

grain, or 
•00000328 mg. 

Amount absorbed by a% 
gland which Huffices 
to cause the aggre- 
gation of the proto- > 
plasm in the adjoin- 
ing cells of thfi ten- 
tacles 

■ 

gram, or 
00048 mg. 

1 

! 




From the experiments tried in these three dif- 
ferent ways, we see that* the carbonate, which con- 
tains 23*7 per cent, of nitrogen, is less efficient than 
the nitrate, which contains 35 per cent. The phos- 
phate contains less nitrogen than either of these 
salts, namely, only 21*2 per cent., and yet is far more 
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officient ; its power no doubt depending quite as much 
on the phosphorus as on the nitrogen wliich it contains. 
We may infer that this is the case, from the energetic 
manner in wliich bits of bone and phosphate of lime 
affect the leaves. Tlie inflection excited by the otlier 
salts of ammonia is probably due sohdy to their nitro- 
gen, — on the same primtiple that nitrogenous organic 
fluids act powerfully, w^iilst non-nitrogenous organic 
fluids are powerless. As such minute doses of the 
salts of ammonia affect the loaves, we may feel almost 
sure that Drosera absorbs and preflits by the amount, 
tliough small, whicli is present in rain-water, in the 
same luanuer as Other plants absorb these same salts 
by their roots. 

The smallness of the doses of the nitrate, and 
more especially of the phosphate of ammonia, which 
cause the timtaclcs of immersed leaves to be inflected, 
is ])erhaps the most remarkable fact recorded in this 
volume. When we see that much less than the 
millioiltli* of a grain of the phosphate, absorbed by 
a gland of one of the exterior tentacles, causes it to 
bend, it may be thought that the efiects of the solu- 
tion on the glands of the disc have been overlooked ; 
namely, the transmission of a motor impulse from 
them to the exterior tentacles. No doubt the move- 
ments of the latter are thus aided ; but the aid thus 
rendered must bo insignificant; for wo know that a 
drop containing as much as the -jifVo of ^ grain placed 
on the disc ^s only just able to cause the outer ten- 
tacles of a highly sensitive leaf to bend. It is cer- 

* It in scarcely jmssihlc to real- strotoh it along the wall of a large 
iso what a million means. Tho hall; then mark off at one emd 
Ix^t ilhistratioTi which I have mot tho tenth of an inch. This tenth 
with is that given by Mr. Croll, will ropresoiit a hundred, and tho 
who says, — Take a narrow stri]) of entire strip a million, 
paper 83 ft. 4 in. in length, and 
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tainly a most surprising fact that the of a 

grain, or in round numbers the onc-twenty-millionth 
of a grain {*0000033 mg.), of the phosphate should 
affect any plant, or indeed any animal ; and as this 
salt contains 35*33 per cent, of water of crystallisation, 
the efficient elements are reduced to of a 

grain, or in round numbers to oue-thirty-millionth 
of a grain (*00000216 mg.). The solution, moreover, 
in these experiments was diluted in the proportion of 
one part of the salt to 2,187,500 of water, or one grain 
to 5000 oz. The reader will perhaps bc'st realise 
this degree of dilution by rem(‘mb()ring that 5000 oz. 
would more than fill a 31-gallon cask; and that to 
this large body of water one grain of the salt was 
added ; only half a drachm, or thirty minims, of the 
solution being iK)ured over a leaf. Yet this amount 
sufficed to cause the inflection of almost every ten- 
tacle, and often of the blade of the leaf. 

I am well aware that this statement will at first 
appear incredible to almost every one. Drosera is far 
from rivalling the jKJwer of the si)eetroscope, but it 
can detect, as shown by the movements of its leaves, a 
very much smaller quantity of the phosphate of am- 
monia than the most skilful chemist can of any 
substance.* My results were for a long time incredible 


• When my first oligervations 
were made on tho nitrate of am- 
monia, fourteen years a^, tho 
powers of the siMictroscopo hod 
not been discovered; and I felt 
all the greater interest in the 
then unrivalled powers of Drosera. 
Now the spectroscope has al- 
together beaten Drosera; for oc- 
coHing to Bunsen and Kirchhoff 
prol^bly loss than one gmsiooiin of 
a grain of sodium can be thus 
detected (see Balfour Stewart, 


‘ Treatise on Heat,* 2nd edit. 
1871, p. 228). With n^spoct to 
ordinary chcimical tests, 1 gather 
from Dr. Alfreds Taylor’s work 
on * Poisons ’ that about iuhn of a 
grain of arsenic, of a grain 
of prussic acid, jjjg of imline, 
and ^ of tartaris^ antimony, 
can be detected; but the power 
of detection depends much on tho 
solutions under trial not being 
extremely weak. 



CUAP. VIL SUMMARY, SALTS OF AMMONIA. 171 

even to myself, and I anxiously sought for every 
source of error. The salt was in some cases weighed 
for mo by a chemist in an excellent balance ; and fresh 
water was measured many times with care. The 
observations were repeated during several years. Two 
of my sons, wlio were as incredulous as myself, compared 
several lots of leaves simulbmeously immersed in the 
weaker solutions and in water, and declared that there 
could be no doubt about the difference in their ap- 
pearance. I hope that some one may hereafter bo in- 
duced to repeat my experiments; in this case he should 
select young ami vigorous leaves, with the glands 
surrounded by abmidant secTcition. The leaves should 
bo carefully cut oft* and laid gently in watch-glasses, 
and a measured quantity of the solution and of water 
poured over each. The water used must be as ab- 
solutely pure as it can bo made. It is to be. especially 
observed that the experiments with the weaker solu- 
tions ought to bo tried after several days of very 
warm weather. Those with the weakest solutions 
should bo made on plants which have been kept 
for a considerable time in a warm greenhouse, or cool 
hothouse ; but this is by no means necessary for trials 
with solutions of moderate strength. 

I beg the reader to observe that the sensitiveness or 
irritability of the tentacles was ascertained by three 
different methods — indirectly by drops placed on the 
disc, directly by drops applied to the glands of the 
outer tentacles, and- by the immersion of wh6le leaves ; 
and it was found by these three methods that the 
nitrate was more powerful than the carbonate, and the 
phosphate much more powerful than the nitrate ; this 
result being intelligible from the difference in the 
amount of nitrogen in the first two salts, and from the 
presence of phosphorus in the third. It may aid the 
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reader’s faith to turn to the exj)eriraents with a 
solution of ono grain of the phosphate to 1000^ oz. 
of water, and ho will tliere find decisive evidence that 
the onc-four-millionth of a grain is sullieiont to cause 
the inflection of a single tentacle. There is, tliere- 
fore, nothing very improbable in the fifth of this 
weight, or the one-twenty-mi llioiith of a grain, a(!ting 
on the tentacle of a higlily sensitive leaf. Again, two. 
of the leaves in the solution of one grain to 3000 
oz., and three of the leaves in the solution of ono 
grain to /iOOO oz., w’ere affected, not only far more 
than the leaves tried at the same time in water, but 
incomparably more than any five loaves which can bo 
picked out of the 173 observed by me at difterent 
times in water. 

Tliere is nothing remarkable in the mere fact of the 
onc-twenty-millionth of a grain of the phosphate, 
dissolved in above two-millionth of its weight of 
water, being absorbed by a gland. All physiologists 
admit that the roots of plants absorb the salts of 
ammonia brought to them by the rain ; and fourteen 
gallons of rain-water contain* a grain of ammonia, 
therefore only a little more than twice as much as in 
the w’eakest solution employed by me. The fact 
which appears truly w^omlerful is, that the one-tw’enty- 
millionth of a grain of the phosphate of ammonia 
(including less than the one-thirty-millionth of. effi- 
cient matter), when absorbed by a gland, should 
induce sotne change in it, w^hich leads to a motor 
impulse being transmitted down the whole length of 
the tentacle, causing the basal part to bend, often 
through an angle of above 180 degrees. 

Astonishing as is this result, there is no sound reason 


' Miller’s * Elements of Chemistry,’ part ii p. 107, 3rd edit. 18C4. 
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why we should reject it as incredible. Prof. Doiiders, 
of Utrecht, informs me that from experiments formerly 
made by him and Ur. I)e Rnyter, he inferred that less 
than the one-millionth of a grain of sulphate of atro- 
pine, in an extremely dilnte<l state, if apjJicd directly 
to the iris of a dog, paralyses the muscles of this organ. 
But, in fact, every time that we perceive an' odour, we 
have evidence that infinitely smaller particles act on 
our nerves. When a dog stands a quarter of a mile to 
leeward of a deer or other animal, and perceives its 
presence, the odorous particles produce some change in 
the olfactory nerves ; y(!t these jiarticles must be in- 
finitely smaller * fhan those of the phosphate of am- 
monia weighing the one-twenty-millionth of a grain. 
These nerves then transmit some influence to the brain 
of the dog, which leads to action on its part. WithUro- 
sera, the really marvellous fact is, that a plant without 
any specialised nerA'ous system should bo affected by 
such minute particles; but wo Imvo no grounds for 
assuming that other tissues could nut bn rendered as 
exquisitely susceptible to impressions from without if 
this were beneficial to the organism, as is the nervous 
system of the higher animals. 


* My son, Ooorpo Darwin, has 
calculated for mo the diameter of 
a sphere of phosphate of ammonia 
(specific (fravity r678),_ weigh- 
ing the one-twcntj'-millionth of 
a groin, and finds it to bo 
an inch. Now, Dr. Klein infomw 
mo that tho smallest Micrncnrci, 
which are distinctly discernible 
imder a power of SlIO diameters, 
arc estimated to bo from ' 0002 to 
‘0005 of a millunetro — that is, 


fwm to jjAjb ot inch— in 
diameter. Therefore, an objeet 
from thirty-one to serenty-seven 
times ns large ns a sphere of the 
phosphate of ammonia of the 
abovu weigiit can be seen under 
a high power; and no one sii])* 
poses that odorous particles, such 
08 those emitted from the deer in 
the above illustration, could be 
seen under any power of the mi- 
croscope. 
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CHAPTER VIIL 

The Effects of various Salts and Acids on the Leaves. 

Salts of sodium, i)otassiiim, and other alknlino, earthy, and metallic 
salts — Summary on tho action of these salts — Various acids — 
Siunmary on their action. 

Having found that tho ailts of ammonia were so 
powerful, I was led to investigate the action of some 
other salts. It will he convenient, first, to give a list 
of the substances tried (including forty-nine salts and 
two metallic acids), divided into two columns, showing 
those which cause inflection, and those which do not 
do so, or only doubtfully. My experiments were made 
by placing half-minim drops on the discs of leaves, or, 
more commonly, by immersing them in the solutions ; 
and sometimes by both methods. A summary of the 
results, with some concluding remarks, will then be 
given. The action of various acids will afterwards be 
described. 


Salts causing Inflection. Salts not causing Inflection. 

(Arranged in Oroups according to ihe Chemical Classification in Watts* 
‘ Dictionary of Chemistry*') 


Sodium carbonate, rapid inflec- 
tion. 

Sodium nitrate, rapid inflection. 

Sodium sulphate, moderately 
rapid inflection. 

Soflium phosphate, very rapid in- 
flection. 

Sodium citrate, rapid inflection. 

Sodium oxalate, rapid inflection. 

Sodium chloride, moderately rapid * 
inflection. 


Potassium carbonate : slowly poi- 
sonous. 

Potassium nitrate : somewhat poi- 
sonous. 

Potassium sulphate. 

Potassium phosphate. 

Potassium citrate. 

Potassium chloride. 
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Salts causing Inflection. Salts not causing Inflection. 

(^Arranged in Grmps according to the Chemiml CUmijuMtum in WatW 
* Dictionary of Chemistry' 


Sodium iodidCi rathur slow inflec- 
tion. 

Sodiimi hroinidci moderately rapid 
inflection. 

rotussium oxalate, slow and 
doubtful inflection. 

Lithium nitrate, 'moderately rapid 
iufl(K!tion. 

Ginsium chloride, rather slow in- 
flection. 

Silver nitrate, rapid inflection: 
quick i)oison. 

Cadmium chloride, slow ipflectiou. 

Mercury percliloride, rapid inilcc- 
tioii : quick poison. 


Alumiiiiuiii chlorhle, slow and 
doubtful inflection. 

Gold chloride, rapid inflection; 

quick poison. 

Tin chloride, slow inflection : jioi- 
BOnOUB. 

Antimony tartrate, slow inflec- 
tion : probably {xiisonous. 

Arsenious acid, quick inflection: 
poisonous. 

Iron chloride, slow inflection : 
probably poisonous. 

Chromic acid, (^uick inflection : 
highly poisonous. 

ComMjr chloride, rather slow in- 
flection : poisonous. 

Nickel chloride, rapid inflection : 
probably poisonous. 

Platinum chloride, rapid inflec- 
tion: poisonous. 


Potassium iodide, a slight and 
doubtful amount of inflection. 
Potassium bromide. 


Ijithium acetate. 
Rubidium chloride. 


Calcium acetate. 

Ciileium nitrate. 

Magnesium acetato. 

Magnesium nitrate. 

Magnesium chloride. 

Magnesium sulphate. 

Barium acetate. 

Bariiin) nitrate. 

Strontium acettito. 

Strontium nitrate. 

Zinc chloride. 

Aluminiura nitrate, u trace of in- 
ilectioii. 

Aluminium and potassium sul- 
phate. 

Lead chlorido. 


Manganese chloride. 


Cobalt chloride. 
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Sodium, Carbonate of (pure, given me by Prof. Hoffmann).— 
Ilalf-minims (-0296 ml.) of a solution of one part to 218 of 
w*ater (2 grs. to 1 oz.) were placed on the discs of twelve leaves. 
Seven of these IxKiame well inflected; three liad only two or 
three of their outer tentacles inflected, and the remaining two 
were quite unaffected. But the dose, though only the of a 
grain (‘135 mg.), was evidently too strong, for three of the 
seven wcll-inflcctcd leaves wore killed. On the other hand, one 
of the seven, which had only a few tentacles inflected, re- 
expanded and seemed quite healthy after 48 hrs. By em])loying 
a weaker solution (viz. one part to 437 of water, or 1 gr. to 
1 oz.), doses of ttJj; of a grain (*0075 mg.) were given to six 
leaves. Some of these were affected in 37 m. ; and in 8 hrs. the 
outer tentacles of all, as ivell as the blades of two, were con- 
siderably inflected. After 23 hrs. 15 m. the tentacles had 
almost re-expanded, but the blades of the two were still just 
perceptibly curved inwards. After 48 hrs. all six leaves were 
fully re-expanded, and appeared ijorfectly healthy. 

Three leaves were immersed, each in thirty minims of a solu- 
tion of one part to 875 of water (I gr. to 2 oz.), so that each 
received of a grain (2*02 mg.); after 40 m. the three were 
much affected, and after 0 hrs. 45 m. the tentacles of all and 
the blade of one closely inflected. 

SoiUam, Nitrate of (pure). — Half-minims of a solution of one 
part to 437 of water, containing of a grain (‘0675 mg.), 
were placed on the ^scs of flvo leaves. After 1 hr. 25 m. the 
tentacles of nearly all, and the blade of one, were somewhat 
inflected. The inflection continued to increase, and in 21 hrs. 
15 ni. the tentacles and the blades of four of them were greatly 
affected, and the blade of the fifth to a slight extent. Aftir an 
additional 24 lirs. the four leavca still remained closely inflected, 
whilst the fifth was l)eginning to expand. Four days after the 
solution had been applied, two of the leaves had quite, and one 
had partially, re-expanded; whilst the remaining two remained 
closely inflected and api)eared injured. 

Three leaves were immersed, each in tliirty minims of a solu- 
tion of one part to 875 of water; in 1 hr. there was great inflec- 
tion, and after 8 hrs. 15 m. every tentacle and the blades of all 
three were most strongly inflected. 

Sodium, A solution of one part 

to 437 of water were placed on the discs of six leaves. After 
5 hrs. 30 m. the tentacles of three of theih (with the blade of 
one) were considerably, and those of the other three slightly, 
inflected. After 21 hrs. the inflection had a little decreased. 
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find in 45 hrs. tho leaves were fully expanded^ appearing quite 
healthy. 

Throe leaves were immersed, each in thirty minims of a solu- . 
tion of one part* of tho sulphato to 875 of water; after 1 hr. 
30 ni. there was some inflection, which increased so •much that 
in 8 hrs. 10 m. all the tentacles and tlie blades of all throo4eavcs 
were closely inflected. 

Solium, Phoiiphate of , — Ilulf-nunims of a solution of one part 
to 437 of water were placed on tho discs of six leaves. The 
solution acted with extraordinary rapidity, for in 8 m. the outer 
tentacles on several of tho leaves wero much incurved. After 
6 hrs. tho tentacles of all six leaves, and tho blades of two, were 
closely infleided. This state of things continued for 24 hrs., 
excepting that the blade of a third leaf Income incurved. After 
‘48 hrs. all the leaves re-cxi)auded. It is clear that of a 
grain of phosphate of •soda has great pow69 in causing* in- 
flection. 

Sof/iur.h, Citrate of, — llalf-minims of a solution of one part to 
437 of water were placed on tho discs of six loaves, but these 
W(!ro not observed until 22 hrs. had elapsed. Tho sub- 
marginal tentacles of five *of them, and tho blades of four, were 
then found inflected ; but the outer rows of tentacles were not 
affected. One leaf, which appeared older tlian tho others, was 
very little affected in any way. After 46 hrs. four of the leaves 
were almost re-expanded, including their blades. Tlu’eo leiivcs 
wero also immersed, each in thirty minims of a solution of one 
part of the citrate to 875 of water; tliey were much acted 
on in 25 m. ; and after 6 hrs. 35 m. almost all the tentacles, 
including those of tho outer rows, were inflected, but not the 
blades. 

Sodium, OjcaJate q/l— Half-minims of a solution of one part to 
43^^ of water wero placed on the discs of seven leaves; after 
5 hhs. 30 m. tho tentacles of all, and tho blades of most of them, 
wero much affected. In 22 hrs., besides tho inflection of the 
tentacles, the blades of all seven leaves were so much doubled 
over that their tips and bases almost touched. On no other 
occasion have I seen the blades so strongly affected. Three 
loaves wero also immersed, each in tliirty minims of a solution of 
one part to 875 of water ; after 30 m. there was much inflection, 
and after 6 hrs. 35 m. tho blades of two and the tentacles of all 
were closely inflected. 

Sodium, Chloride of (l)est culinary salt). — Half-minims of a 
solution of one part to 218 of water were placed on the discs 

N 
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of four leaves. Two, apparently, were not at all affected in ' 
18 hrs.; tlie third hail its tentacles slightly inflected; whilst 
• the fourth had almost all its tentacles inflected in 21 hrs., and 
these did not begin to re-expand until the fourth day, and were 
not perfectly expanded on the seventh day. 1 presume that 
this Ifiaf was injured by the salt, llalf-minims of a weaker * 
solution, of one iwrt to 137 of water, were tlicn dropped on the 
discs of six loaves, so that each received of a grain. In 
1 hr. 33 m. there was slight inflection; and after *5 hrs. 30 m. 
the tentacles of all six leaves were considerably, but not closdy, 
inflected. After 23 hrs. 15 m. all had completely ro-expanded, 
and did not appear in the least injiirod. 

Three leaves were immersed, each in thirty minims of a solu- 
tion of one ])art to 875 of water, so that each received of a 
grain, or 2*02 mg. After 1 lu*. there was much inflection; 
afuff 8 hrs. 30 nf. all the tentacles and* the blades of all three 
were closely inflected. Four other leaves were also immersed 
in the solution, .each receiving the same amount of salt 
as before, viz. of a grain. They all soon became inflect eil ; 
after 48 hrs. they began to rc-expand, and apjx^ired quite un- 
injured, though the solution was sufficiently strong to taste 
saline. 

Sotfhmiy lo>Vid*‘. of, — Ilalf-minims of a solution of one part to 
437 of water were placed on the discs of six leaves. After 
24 hrs. four of them liad their blades and many tentacles in- 
flected. The other two had only their submarginal tentacles 
inflected ; the outer ones in most of the leaves being but little 
affected. After 46 hrs. the leaves had nearly re-expanded. 
Three leaves were also immersed, each in thirty minims of a 
solution of one part to 875 of water. After G hrs. 30 m. almost 
all the tentacles, and the blade of one leaf, were closely inflected. * 

tSofitum, Bromide f/.— Half-minims of a solution of one part to 
437 of water were placed on six leaves. After 7 lirs. there uus 
some inflection ; after 22 hrs. three of the loaves had their blades 
and most of their tentacles inflected ; the fourth loaf was very 
slightly, and the fifth and sixth hardly at all, affected. Throe 
leaves were also immersed, each in thirty minims of a solution 
of one part to 875 of water; after 40 m.‘ there was some inflec- 
tion ; after 4 hrs. the tentacles of all three leaves and tlie blades 
of two were inflected. These leaves were then placed in water, 
and after 17 hrs. 30 m. two of tliem were almost completely, 
and the third partially, re-expanded ; so that apparently they 
were not injured. 
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Potassium, Carl)onate of (pure).— Half-minims of a solution 
of one part to 437 of water were placed on six leaves. No 
effect was produced in 24 hrs. ; but after 48 hrs. some of the 
loaves hod their tentacles, and one the blade, considerably 
inflected. This, however, seemed the result of their being in- 
jured ; for on .the third day after the solution was given, three of 
the lejives were dead, and one was very unhealthy ; the other 
two were recovering, but with sevfiral of their tentacles appa- 
rently injured, and these remained permanently inflected. It 
is evident that the of a grain of this salt acts as a poison. 
Throe leaves were also immersed, each in thirty minims of a 
solution of one part to 875 of water, though only for 9 hrs. ; and, 
very differently from wliat occurs with the salts of soda, no 
inflection ensued. 

Potassium, Nitrate of, — ITalf-minims of a strong solution, of 
one part to 109 of whtcr (4 grs. to 1 oz.), were placed on the 
discs of four leaves ; two wore much injured, but no inflection 
ensued. Eight leaves were treated in the same manner, with 
drops of a weaker solution, of one part to 218 of water. After 
50 brs. there was no inflection, but two of the leaves seemed in- 
jured. Five of these leaves were sul^scquently tested with drops 
of milk and a solution of gelatine on their discs, and only one 
became inflected; so that the solution of the nitrate of the 
above strengih, acting for 60 hrs., apparently had injured or 
paralysed the leaves. Six leaves were then treated in the same 
manner with a still weaker solution, of one part to 437 of water, 
and these, after 48 hrs., were in no way affected, with the excep- 
tion of perhaps a single leaf. Three leaves were next immersed 
for 25 hrs., each in thirty minims of a solution of one part to 
875 of water, and this produced no api)arcnt effect. They were 
then put into a solution of one part of carbonate of ammonia 
to 218 of water ; the glands were immediately blackened, and 
after 1 hr. tliere was some inflection, and the protoi)lasmic con- 
tents of the cells Ixicamc plainly aggregated. This shows that 
the leaves had not been much injured by their immersion for 
25 hrs. in j;ho nitrate. 

Potassium, Sulphate of , — Half-minims of a solution of one part 
to 437 of water were placed on the discs of six leaves. After 
20 hrs. 30 m. no effect was ])i'oduccd ; after an additional 24 hrs. 
three remained quite unaiffectcd; two seemed irijured, and the 
sixth seemed almost dead with its tentacles inflected. Never- 
theless, after tw’o additional days, nil six leaves recovered. The 
immersion of three leaves for 24 hrs., each in thirty minims of 

N 2 • 
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a solution of one part to 875 of water, produced no apparent 
effect. They were then treated with tlic same solution of car- 
bonate of ammonia, with the same result as in the case of the 
nitrate of potash. 

PntasfiiHm, Phonphate o/*.— Ilalf-minims of a solution of one 
part to 437 of water were placed on the discs, of six leaves, 
which were observed during tliree days ; but no effect was pro- 
duced. The jMirtial drying up of the fluid on the disc slightly 
drew together the tentacles on it, as often occurs in experi- 
ments of this kind. The leaves on the third day appeared ([uite 
healthy. 

. Potassium, Citmte of. — Ilalf-minims of a solution of one part 
to 437 of water, left on the discs of six leaves for three days, 
and the immersion of three leaves for 9 hrs., each in 30 minims 
of a solution of one part to 875 of water, did not produce the 
least effect. 

Potassium, Oxalate o/l— -Half-minims were placed on different 
occasions on the discs of seventeen leaves ; and the results per- 
plexed me much, as they still do. Inflection supervened very 
slowly. After 24 hrs. four leaves out of the seventeen w^ero well 
inflected, togetlicr with the blades of two; six were slightfy 
affected, and seven not at all. Tliree leaves of one lot wero 
oliservcd for flve days, and all died; but in another lot of 
six, all excepting one looked healthy after four days. Three 
leaves were immersed during 9 hrs., each in 80 minims of 
a solution of one part to 875 of water, and were not. in the 
least affected; but they ought to have licen observed for a 
longer time. 

Potassium, Chloride of. Neither half-minims of a solution of 
one part to 437 of water, left on the discs of six leaves for three 
days, nor the immersion of three leaves during 25 hrs., in 
30 minims of a solution of one part to 875 of water, produced 
the least effect. The immersed leaves were then treated with 
carbonate of ammonia, as described under nitrate of potash, and 
with the same result. 

Potassium, Iodide of. — Half-minims of a solution of one part 
to 437 of water wero placed on the discs of seven leaves. In 
30 m. one leaf had the blade inflected ; after some hours three 
leaves had most of their submarginal tentacles moderately in- 
flected; the remaining three loing very slightly affected. 
Hardly any of these leaves had their outer tentacles inflected. 
After 21 hrs. all re-expanded, excepting two which still had a 
few submarginal tentacles inflected. Tliree leaves wero next 
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immersed for 8 lirs. 40 m., eacli in 30 minims of a solution of 
one part to 875 of water, and were not in the least affected. I 
do not know what to conclude from this conflicting evidence ; 
but it is clear that the iodide of potassium does not generally 
produce afly marked effect. 

J\}tcminmj JSromidt of. — Ilalf-minims of a solution of one part 
to 437 of water were placed on the discs of six leaves ; after 
22 lu's. one had its blade and many tentacles inflected, but I 
Busi)ect tlnat an insect might have alighted on it and then 
escaped; the five other leaves were in no way affected. I 
tesiod tlircc of these leaves with bite of moat, and after 24 hrs. 
they became splendidly inflected. Three leaves were also im- 
mersed foB 21 hrs. in 30 minims of a solution of one part to 87Si 
of water ; but tluiy were not at all affected, excepting that the 
glands looked rather pale. 

Lithium, Acetate o/".— Four leaves were immersed together in 
a vessel containing 120 minims of a solution of one part to 437 
of water ; so that each Veccived, if the leaves absorbed equally, 
of a grain. After 24 hrs. there was no inflection. I then 
added, for the sake of testing the leaves, some strong solution 
(liz. 1 gr. to 20 oz., or one part to 8750 of water) of phosphate 
of ammonia, and all four became in 30 m. closely inflected. 

Lithium, Nitrate of. — ^Four leaves were immersed, as in the 
last case, in 120 minims of a solution of one part to 437 of 
water ; after 1 h. 30 m. all four were a little, and after 24 hrs. 
greatly, inflected. I then diluted the solution with some 
water, but they still remained somewhat inflected on the third 
day. 

Chloride c/.— Four leaves wero immei*Red, as al)Ove, in 
120 minims of a solution of one part to 437 of water. After 
1 hr. 5 m. the glands wore darkened; after 4 hrs. 20 m. there 
was a trace of inflection ; after 6 hrs. 40 m. two leaves were 
greatly, but not closely, and the other two considerably inflected. 
After 22 hrs. the inflection was extremely groat, and two had 
their blades inflected. I then transferred the leaves into water, 
and in 46 hrs. from their first immersion they were almost re- 
expanded. 

Jtnhidium, Chloride of. — Four leaves which were immersed, as 
above, in 120 minims of a solution of one part to 437 of water, 
wero not acted on in 22 hrs. 1 then added some of the strong 
solution (I gr. to 20 oz.) of phosphate of ammonia, and in 30 m. 
all wero immensely inflected. 

Silver, Nitrate — Thi’ce loaves were immersed in ninety 
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minims of a solution of one part to 437 of water; so that each 
received, as before, of a grain. After 5 m. slight inflection, 
and after 11 m. very strong inflection, the glands becoming 
excessively black; after JO m. all the tentacles were closely 
inflected. After C hrs. tlie leaves were tiiken out of the solution, 
washed, and placed in water; but next morning they were 
evidently dead. 

(\Uciiiin, Aci tde q/*. — Four leaves were immersed in TiO minims 
of a solution of one part to 437 of water ; after 24 hrs. none of 
the tentacles wore inflected, excepting a few where the blade 
joined the petiole; and this may have l>ecn caused by the 
absorption of the salt by the ciit-otF end of the petiole. I then 
added some of the solution (1 gr. to 20 oz.) of phospate of 
ammonia, but this to my surprise excited only slight inflection, 
oven after 24 hrs. Hence it would appear that the acetate had 
rendered the leaves torj)id. 

Calcium, Nitrate q/*.— Four leaves were immersed in 120 minims 
of a solution of one part to 437 of water, but were not affected 
in 21 hrs. I then added some of the solution of phosphate of 
ammonia (1 gr. to 20 oz.), but this caused only very slight in- 
flection after 24 hrs. A frc.sh leaf was next put into a mixqpl 
solution of the above strengths of the nitrate of calcium and 
phosphate of ammonia, and it became closely inflected in l)etween 
5 m. and 10 m. Half-minims of a solution of one part of tho 
nitrate of calcium to 218 of water were dropped on tho discs of 
three leaves, but produced no effect. 

Mafjiuuam, Acetate^ Nitrate, and Chloride of, — Four leaves >vcre 
immersed in 120 minims of solutions, of one part to 437 of water> 
of each of these three salts ; after 6 hrs. there was no inilection ; 
but after 22 hrs. one of the leaves in the acetate was rather more 
inflected than generally occurs from an immersion for this 
length of time in water. Some of tlio solution (1 gr. to 20 oz.) 
of phosphate of ammonia was then added to tho three solutions. 
Tho leaves in tho acetate mixed with the phosphate underwent 
some inflection; and this was well pronounced after 24 hrs. 
Those in tho mixed nitrate were deeidedly inflected in 4 hrs, 
30 m., but the degree of inflection did not afterwards much 
increase ; whereas tho four leaves in the mixed chloride were 
greatly inflected in a few minutes, and after 4 hrs. had almost 
every • tentaolo closely inflected. We thus see that tho acetate 
and nitrate of magnesium injure the loaves, or at least prevent 
the Bubseciuent action of phosphate of ammonia; whereas the 
chloride has no such tendency. 
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Magnesium^ Stilphcbie o/*,— Half-minims of a solution of one part 
to 218 of water were placed on the discs of ton leaves, and pro- 
duced no eifect. 

JUartuin^ Acetate r/.— Four leaves were immersed in 120 minims 
of a solution of one part to 487 of water, and after 22 hrs. there 
was no inllection, but the glands were blackened. The leaves 
were then placed in a solution (1 gr. to 20 oz.) of phosphate of 
ammonia, which caused after 26 hrs. only a little inllection in 
two of the leaves. 

JJariuni, Nitrate of, — ^Four leaves were immersed in 120 minims 
of a solution of one part to 487 of water; and after 22 hrs. thero 
was no more than that slight degree of inhection, which often 
follows from an immersion of this length in pure water. 1 
then added some of the same solution of phosphate of ammoma, 
and after 30 m. one leaf was greatly inflected, two others 
moderately, and the foprth not at all. The leaves remained 
in this state for 24 hrs. 

iStrontinm, Acetate of — Four leaves, immersed in 120 minims of 
a solution of one part to 437 of water, were not affected in 
22 hrs. They were then placed in some of the same solution 
of* phosphate of ammonia, and in 25 m. two of them were 
greatly inflected ; after 8 hrs. the third leaf was considerably 
inflected, and the fourth exhibited a trace of inflection. They 
w'cro ill the same state next moniing. 

atmutiiim, Nitmte of — Five leaves were immersed in 120 
minims. of a solution of one part to 437 of water; after 22 hrs. 
there was some slight inflection, but not more than sometimes 
occurs with leaves in water. They were then placed in the 
same solution of phosphate of ammonia; after 8 hrs. three of 
them were moderately inflected, as were all five after 24 hrs. ; 
but not one was closely inflected. It appears that the nitrate of 
strontium renders the leaves half torpid. 

Padmiitm, Chtoride of — Three loaves were immersed in ninety 
minims of a solution of one part to 437 of water; after 5 hrs. 
20 ni. slight inflection occurred, which increased during the 
next three hours. After 24 hrs. all three loaves had their 
tentacles well inflected, and remained so for an additional 24 
hrs. ; glands not discoloui'cd. 

Mercury, Perchlorideof—ThreQ leaves were immersed in mnety 
minims of a solution of ono part to '437 of water ;mftor 22 m. 
there was some slight inflection, which in 48 ni. became well 
pronounced; the glands were now blackened. After 5 hrs. 
35 m. all ^ tcntacli^ closely inflected; after 24 hrs. still 
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inflected and discoloured. Tlio leaves were then rcraoveil and 
loft for two days in water ; but they never re-expanded, being 
evidently dead. 

Zinc, Chloride of , — Three leaves immersed in ninety minims 
of a solution of one part to 437 of water were not affected in 
25 hrs. 30 m. 

Ahimininm, Chiwide of. — Four leaves were immersed in 120 
minims of a solution of one part to 437 of water; after 7 hrs. 
45 m. no inflection; after 24 hrs. one leaf rather closely, the 
second moderately, the tliird and fourth hardly at all, inflected. 
The evidence is doubtful, but I think some power in slowly 
causing inflection must be attributed to this salt. These leaves 
were then placed in the solution (1 gr. to 20 oz.) of phosjdiato 
of ammonia, and after 7 hrs. 30 m. the three, w’liich liad been 
but little affected by the chloride, became rather closely in- 
flected. 

Aluminium, Nitrate of, — ^Four leaves were immersed in 120 
minims of a solution of one |)art to 437 of water; after 7 hrs. 
45 m. there was only a trace of inflection ; after 24 hrs. one leaf 
was moderately inflected. The evidence is here again doubtful, 
as in the case of the chloride of aluminium. Tlio leaves were 
then transferred to the same solution, as before, of phosphate of 
ammonia ; this produced hardly any effect in 7 hrs. 30 m. ; but 
after 25 hrs. one leaf was pretty closely inflected, the throe 
others very slightly, perhaps not more so than from water. 

Alnminimn and l*offissiurn. Sulphate of (common alum). — Ilalf- 
minims of a solution of the usual strength wore placed on the 
discs of nine leaves, but produced no effect. 

Oo^d, Chloride of. — Seven leaves wore immersed in so much of 
a solution of one part to 437 of water that each received 
30 minims, containing of a grain, or 4*048 mg., of the chloride. 
There was some inflection in 8 m., which became extreme in 
45 m. In 3 hrs. the surrounding fluid was coloured purple, and 
the glands were blackened. After 0 hrs. the leaves were trans- 
ferred to water; next morning they were found discoloured and 
evidently killed. The secretion decomposes the chloride very 
readily; the glands themselves Ixjcoming coated with the 
thinnest layer of metallic gold, and particles float about on 
the surface of the surrounding fluid. 

Lead, Chloride of. — Three leaves were immersed in ninety 
minims of a solution of one part to 437 of water. After 23 hrs. 
I hero Was not a trace of inflection ; the glands wore not blackened, 
and the leaves did not appear injured..^ They wore then trnns- 
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fcrretl to tlio solution (1 gr. to 20 oz.) of phosphate of ammonia, 
and after 24 lirs. two of them wore somewhat, the third very 
little, inflected ; and they thus remained for another 24 hrs. 

Tin, Chloride Four leaves were immersed in 120 minims 
of a solution of about one part (all not Ixjing dissolved) to 437 of 
water. After 4 hrs. no effect; after 6 lirs. 30 m. all four leaves 
liad their submarginal tentacles inflected ; after 22 hrs. every 
single tentacle and the blades were closely inflcctcxl. The sur- 
rounding fluid was now coloured pink. The leaves W’cre washed 
and transferred to water, but next morning were evidently dead. 
This chloride is a deadly poison, but acts slowly. 

Antimony, Tartrolti of , — Three leaves were immersed in ninety 
minims of a solution of one part to 437 of water. After 8 hrs. 
30 m. there was slight inflection; after 24 hrs. two of the leaves 
were closely, and the third moderately, inflected ; glands not 
mucli darkened. Tlicjeaves were washed and placed in water, 
but they remained in the same state for 48 additional hours. 
This Siilt is probably poisonous, but acts slowly. 

Armiiom A solution of oib part to 437 of water ; three 

loaves were immersed in ninety minims ; in 25 m. considerable 
inflection ; in 1 h, great inflection ; glands not discoloured. After 
6 hrs. the leaves were transferred to water ; next morning they 
looked fresh, but after four days wore imle-eolourcd, had not 
re-expanded, and Avere evidently dead. 

Iron, Chloride.* r — Three leaves were immersed in ninety 
minims of a solution of one part to 437 of water ; in 8 hrs. no 
inflection; but after 24 lirs. considerable inflection; glands 
blackened; fluid coloured yellow, with flatting flocculent 
particles of oxide of iron. The loaves were then placed in 
water ; after 48 hrs. they had re-expanded a very little, but I 
think w’ore killed ; glands excessively black. 

Chromic dc/tL— One part to 437 of water; three leaves were 
immersed in ninety minims ; in 30 m. some, and in 1 hr. con- 
siderable, inflection ; after 2 hrs. all the tentacles closely in- 
flected, with the glands discoloured. Placed in water, next 
day loaves quite discoloured and evidently killed. 

Manyanese, Chlcnide of . — Three leaves immersed in ninety 
minims of a solution of one part to 437 of water ; after 22 hrs. 
no more inflection than often occurs in water; glands not 
blackened. The leaves were then placed in the usual solution 
of phosphate of ammonia, but no inflection was caused even 
after 48 hrs. o 

Copper, Chloride Three leaves immersed in ninety minims 
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of a solution of one part to 137 of water ; after 2 hrs. some inflec- 
tion; after 3 hrs. 45 m. tentacles closely inflected, with the 
glands hlackcncd. After 22 hrs. still closely inflected, and the 
leaves flaccid. Placed in pure water, next day evidently dead. 
A rapid poison. 

jViVAv/, Chloride (/.—Three leaves immersed in ninety minims 
of a solution of one part to 437 of water; in 25 m. considerable 
inflection, and in 3 hrs. all the tentacles closely inflected. After 
22 hrs. still closely inflected; most of the glands, but not all, 
blackened. The leaves were then placed in w'ater ; after 24 hrs. 
remained inflected ; were somewhat discoloured, with the glands 
and tentacles dingy red. Proliably killed. 

Cohnlt, Chloride of. — Three leaves immersed in ninety minims 
^f a solution of one part to 137 of water ; after 23 In’s, there 
was not a trace of inflection, and the glands were not more 
blackened than often occurs after an equally long immersion in 
water. 

Flntimm^ (Miride o/.— Three leaves Immersed in ninety 
minims of a solution of one part to 437 of w'ater ; in G m. some 
inflection, which Ixicamo immense after 48 m. Aft(^r 3 hrs. the 
glands were rather pale. After 24 hrs. all the tciitacles still 
closely inflected; glands colourless; remained in same state for 
four days; leaves evidently killed. 

Concluding Remarks on the Action of the foregoing 
Salts , — Of the fifty-mie salts and metallic, acids which 
were tried, twenty-five caused the tentacles to be in- 
flected, and twenty-six had no such eflect, two rather 
doubtful cases occurring in each scries. In the tabh^ 
at the head of this discussion, the salts are arranged 
according to their chemical affinities ; but their action 
on Drosera does not seem to bo thus governed. The 
nature of the base is far more important, as far as can 
be judged from the few experiments hero given, than 
that of the acid ; and this is the conclusicni at which 
physiologists have arrived with respect to animals. 
We see this fact illustrated in all the nine salts of 
so(la causing inflection, and in not being poisonous 
except when given in large doses; whereas seven of 
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the corresponding salts of potash do not cause inflec- 
tion, and some of them are poisonous. Two of them, 
liowev(^r, viz, the oxalate and iodide of potash, slowly 
in< bleed a slight and rather doubtful amount of infl(?e- 
tion. This diflorence between the two seri(‘s is inter- 
esting, as Dr. Burden Sanderson informs me that 
sodium salts may be introduced in large doses into 
th(5 circulation of mammals without any injurious 
eflects ; whilst small di»ses of jx)tassium salts cause 
death by sudd(‘nly arresting tluj movements of the 
lu^art. An exccJlent instam*.e of the dillerent action 
of the two series is jiresentcid by the phosphate of 
soda quickly causing vigorous inflection, whilst phos- 
phate of 2 )otash is quite inefficient. The great j)owcr 
of the former is jirobably due to the i»resence of 
l)hosj)horus, as in the cases of phosj)hato,of lime and 
of ammonia. Hence we'may infer that Drosera cannot 
obtain jrtiosphorus from the phos^ihato of j)otash. This 
is renuirkabh', as I luiar from I.)r. Burden Sanderson 
that i)hosphato of jiotash is certainly decomiiosed 
within the bodies of animals. ]\rost of tluj salts of 
soda act very rapully ; thi; iodidi) acting slowest. The 
oxalate, nitrate, and citrate seem to have a si)ecial 
tendency to cause the blade of the h'af to be infl(M?ti'd. 
The glands of the disc, after absorbing the citrate, 
transmit hardly any motor inijuilse to the outer 
tentacles; and in this (haracter the citrate of soda 
resembles the citrate of ammonia, or a decoction of 
grass-leaves; these three fluids all acting chiefly on 
the blade. • 

It seems opposed to the rule of the jireponderant 
influence of the base that the nitrate of lithium 
causes moderately rapid inflection, whereas the acetate 
causes none ; but this metal is closely allied to sodium 
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and potassium,* wliioh act so diftbrcntly ; therefore 
we might oxpe(‘t tliat its action would ho inter- 
mediate. Wo see, also, tliat cjosiuin causes inflection, 
ami rubidium does not; and tlioso two metals are 
allied to sodium and potassium. Jlost of tlio (‘arthy 
sal^ arc! inoperative. Two salts of calcium, four of 
magnesium, two of barium, ami two of strontium, did 
not cause any inflection, and thus follow tlu^ lude of 
the preponderant power of the base. Of throe salts 
of aluminium, one did not act, a second showerl a 
trace of action, and the third acted slowly and doubtr 
fully, so that their eftects are nearly alik(?. 

Of the salts and aedds of ordinary metals, seventeen 
were tried, and only four, namely those of zinc, lead, 
manganese, and cobalt, failed to ctinse inflection. The 
salts of cadmium, tin, antimony, and iron, act slowly ; 
and the three latter seem more or less poisonous. The 
salts of silver, mercury, gold, coi)por, nicivcd, and 
platinum, chromic and arson ions a(dds, cause great 
inflection with extreme quickness, and are deadly 
poisons. It is surprising, judging from animals, that 
lead and barium should not be poisoTious. ]\[ost of the 
])oisonous salts make the glands black, but chloride of 
platinum made them very pale. I shall have occasion, 
in the next chapter, to add a few remarks on the dif- 
ferent effects of phosj)hatc of ammonia on leaves pre- 
viouslv immersed in various solutions. 

Acids. 

* I will first give, as in the case of the salts, a list 
of the twenty-four acids which were tried, divided into 
two scries, according as they cause or do not cause 

• Miller's ‘ Elements of Chemistry,* 3rd edit. pp. 337, 448. 
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inflection. After describing the experiments, a few 
concluding remarks will bo a<lded. 


Acids, anen dilited, which cavsk 
Inflection. 

1. Nitric, stronj' iiillLCtion ; poi- 
sonous. 

‘2. Hydrochloric, mo»k*rjito and 
slowiiiilcciion; luit iMiisonoiiH. 

3. Hydrioilic, stron^j: Lnllcclion; 
poisonous. 

4. Iodic, strong? inllcction; poi- 
sonous. 

5. Sulphuric, stronjr iiiilcction ; 
somewhat iMiisonous. 

(). rhos]»lniric, stroii*:: iiifh?clion ; 
poisonous. 

7. Borjicic, luoderato and ratln-r 
slow liiilcotioii; not poisonous. 

8. Formic, very slijrht iuUec- 
tion ; not poisonous. 

9. Acetic, strong and rapid in- 
tiectiou ; prdsorifMis. 

10. I’ro] >ioi lie, stroll hut not very 
rajiid infection ; isdsonons. 

11. Oleic, ((uick inflc*ctioii ; very 
poisonous. 

12. Carbolic, very slow inllection; 
poisonous. 

13. Lactic, slow and mcKlerato in- 
llcfction ; ]X)isouous. 

14. Oxalic, iiioderately (piick in- 
flection ; very ]M)isoiious. 

15. Alalic, very slow but wnisider- 

* able inflection ; not poisonous. 

16. Benzoic, rapid inflection; very 
poisonous. 

17. Succinic, nioilomtely ipiick 
inflection ; moderately i»oi- 
sonouH. 

18. Hippiiric, rather slow inflt*c- 
tiou ; ))oi8onoii8. 

19. Hydrocyanic, rather rapid in- 
flection ; very poisonous. 


Acids, dili.ted to the samp. 

l)]<x;i{KE, WHICH 1)0 NOT CAI SE 

Inflection. 

1. Gallic; not ])rjisonous. 

2. Tannic ; not ijoisonoiis. 

3. Tartaric ; not poisonous. 

4. Citric ; not poisonous. 

5. lTric;(?j not poisonous. 


Nitric AcUl.-^'Foxa leaves were placed, each in thirty minims 
of one part by weight of the acid to 437 of water, so that each 
received of a grain, or 4*048 mg. This strength was chosen 
for this and most of the following experiments, as it is the same 
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as that of most of tho foregoing saline solutions. In 2 hrs. 30 m. 
some of tho leaves were considerably, and in 6 hrs. 30 m. all 
were immensely, inflected, as were their blades. The surround- 
ing fluid was slightly coloured pink, which always shows that 
the leaves have? beim injured. They were tlien left in water for 
three days; but they remained inflected and were evidently 
killed. Most of the glands had become colourless. Two leaves 
were then immersed, each in thirty minims of one part to 1000 
of water; in a few hours there was some inflection; and after 
21 hrs. both leaves had almost all their tcntticles and blades in- 
flected ; they were left in water for three days, and one partially 
re-expanded and recovered. Two leaves were next immersed, 
each in thirty minims of one part to 2000 of water ; tliis pro- 
duced very little effect, except that most of the tentacles close 
to the summit of the petiole were inflected, as if tho acid had 
been absorbed by the cut-off end. 

Hydrochloric AciiL — One part to 437 of water ; four leaves were 
immersed* as before, each in thirty minims. After 6 lirs. only 
one leaf was considerably inflected. After .8 hrs. 15 m. one had 
its tentacles and ]»lado well inflected; tlio other three were 
moderately inflected, and tho blade of one slightly. Tho 
surrounding fluid was not coloured at all pink. After 25 hrs. 
three of these four leaves began to ro-expand, but their glands 
were of a pink instead of a red colour ; after two more days 
they fully ro-expanded ; but the fourth leaf remained inflected, 
and seemed much injured or killed, with its glands white. 
Four leaves were then treated, each with thirty minims of one part 
to 875 of water ; after 21 hrs. they were moderately inflected ; 
and on being traiisforred to water, fully re-expauded in two days, 
and seemed (iiiite healthy. 

Jlydriodic AcuL—Ono to 437 of water; throe leaves were ijn- 
mersed as Ixjfore, each in thirty minims. After 45 m. the glands 
were discoloured, and the surrounding fluid became pinkisli, but 
there w'as no inflection. After 5 hrs, all tho tentacles were 
closely inflected; and an immense amount of mucus was secreted, 
so that the fluid could be drawn out into long ropes. Tho leaves 
were then placed in water, but never rc-expanded, and were evi- 
dently killed. Four leaves were next immersed in one part to 875 
of water ; the action was now slower, but after 22 hrs. all four 
leaves were closely inflected, and were affected in other respects 
as above described. These leaves did not re-expand, though 
left for four days in water. This acid acts far more powerfully 
than hydrochloric, and is poisonous. 

Iodic Acid,— ‘Ono to 437 of water ; three leaves wore immersed, 
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each in thirty minims ; after 3 hrs. strong inflection ; after 4 hrs. 
glands dark brown ; after 8 hrs. 30 m. close inflection, and the 
leaves had become flaccid ; surrounding fluid not coloured pink. 
These loaves were then placed in water, and next day were 
evidently dead. 

UnJphuric ^cA7.-^Onc to 437 of water; four leaves were im- 
mersed, each in thirty minims; after 4 hrs. great inflection; 
after 6 hrs. surrounding fluid just tinged pink ; they were then 
placed in water, and after 46 hrs. two of them were still closely 
inflected, two beginning to re-expand; many of the glands 
colourless. This acid is not so i)oisonous as hydriodic or iodic 
acids. 

Pho!<phoric Acid.—OvLQ to 437 of water; three leaves were 
immersed together in ninety minims; after 5 hrs. 30 m. some 
inflection, and some glands colourless; after 8 hrs. all the 
tentacles closely inflected, and many glands colourless ; surround- 
ing fluid pink. Left in water for two days and a half, remained 
in the Scame state and a])peared dead. 

Boruck Acid , — One to 437 of water; four leaves were ira- 
incrsod together in T20 minims ; after G hrs. very slight inflection ; 
after 8 hrs. 15 ni. two wore considerably inflected, the otlier two 
slightly. After 24 hrs. one leaf was rather closely inflected, 
the second less closely, the third and fourth moderately. The 
leaves were washed and put into water; after 24 hrs. they 
were almost fully re-expanded and looked healthy. This acid 
agrees closely with hydrochloric acid o4 the same strength in 
its power of causing inflection, and in not being ix>isouous. 

Formic Acid. — ^l^our lcav(3S wore immersed together in 120 
minims of one part to 437 of water; after 40 m, slight, and after 
6 hrs. 30 m. very moderate inflection ; after 22 hrs, only a little 
more inflection than often occurs in water. Two of the leaves 
were then washed and placed in a solution (1 gr. to 20 oz.) of 
phosphate of ammonia; after 24 hrs. they were considerably 
inflected, with the contents of their cells aggregated, showing 
that the phosphate liod acted, though not to the full and 
ordinary degree. 

Acetic Acid . — Four leaves were immersed together in 120 
minims of one part to 437 of water. In 1 hr. 20 in. the tentacles 
of all four and the blades of two were greatly inflected. After 
8 hrs. the leaves had become flaccid, but still remained closely 
inflected, the surrounding fluid being coloured pink. They were 
then washed and placed in water ; next morning they were still 
inflected and of a very dark red colour, but with their glands 
colourless. After another day they were dingy-coloured, ^and 
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evidently dead. Tliis acid is far more powerful than formic, and 
is highly poisonous, llalf-minim drops of a stronger mixture 
(viz. one pjirt by measure to 8‘2() of water) were placed on the 
discs of five loavee ; none of the exterior tentacles, only those 
on the borders of the disc which actually absorl)ed the acid, 
became inllected. Trobably the dose was too strong and para- 
lysed the leaves, for drops of a weaker mixture caused much 
inflection ; nevertheless the leaves all died after two days. 

Propionic AcuL — Three leaves were immersed in ninety minims 
of a mixture of one part to 437 of water ; in 1 lir. 50 m. there 
was no inflection ; but after 3 lirs. 40 m. one loaf was greatly 
intiected, and the other two slightly. The inflection continued 
to increase, so that in 8 hrs. all three leaves were closely in- 
flected. Next morning, after 20 lirs., most of the glands were 
very pale, but some few were almost black. No mucus had been 
secreted, and the surrounding fluid w^yS only just i>orceptibly 
tinted of a imlc pink. After 46 lirs. the leaves became slightly 
flaccid and were evidently killed, as was afterwards jiroved to 
he the case by keeping theft in water. The protoplasm in the 
closely inflected tentacles was not in the least aggregated, but 
towards their bases it was collected in little brownish masses at 
the Ixittonis of the cells. This protoplasm was deacl, for on 
leaving the leaf in a* solution of carbonate of ammonia, mi 
aggregation ensued. Proiiionic acid is highly ix>isonous to 
Drosera, like its ally acetic acid, but induces inflection at a 
much slower rate. 

Okie Acid (given me by Prof. Frankland). — Three leaves were 
immersed in this acid ; some inflection was almost immediately 
caused, which increased slightly, but then ceased, and the leaves 
seemed killed. Next morning they were rather shrivelled, and 
many of the glands had fallen off the tentacles. Drops of this 
acid were placed on the discs of four leaves; in 40 m. all the 
tentacles were greatly inflected, excepting the extreme marginal 
ones ; and many of these after 3 hrs. lx)came inflected. I Avas 
led to try this acid from supposing that it was present (which 
does not seem to ho the case)* in olive oil, the action of which 
is anomalous. Thus drops of this oil x)laced on the disc do not 
cause the outer tentacles to be inflected; yet when minute 
drops were added to the secretion surrounding the glands of the 
outer tentacles, these were occasionally, but by means always, 
inflected. Two leaves were also immersed in this oil, and there 

* See articles on GlyccriTic and Oleic Acid in Watts* * Diet, of 
Chemistry.’ 
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was no inflection for about 12 hrs.; but after 23 brs. almost all 
tlio tentacles were inflected. Three leaves were likewise im- 
mersed in unboiled linseed oil, and soon became somewhat, and 
in 3 hrs. greatly, inflected. After 1 hr. the scoretion round the 
glands was coloured pink. 1 infer from this latter fact that the 
ix)wer of linseed oil to cause inflection cannot be attributed to 
tlie albumin which it is said to contain. 

Carbolic Arid. — Two leavcii were immersed in sixty minims of 
a solution of 1 gr. to 437 of water; in 7 hrs. one was slightly, 
and in 21 hrs. both were closely, inflected, with a surprising 
amount of mucus secreted. These leaves were washed and left 
for two days in water ; they remained inflected ; most of their 
glands Lecamo i)ale, and they seemed dead. This acid is 
poisonous, but docs not act nearly so rapidly or powerfully ^as 
might have l)Ocn cxx)cctcd from its known destructive power on 
the low'cst oi'ganisms. lhilf>miuims of the same solution were 
placed on the discs of tlircc leaves ; after 24 hrs. no inflection of the 
outei' tentacles ensued, and when bits of meat were given them, 
they became fairly well inflected. ^Again half-minims of a 
stronger solution, of one part to 213 of water, were placed on the 
discs of three leaves ; no inflection of the outer tentacles ensued ; 
bits of meat were tlien given as before ; one leaf alone became 
well inflected, the discal glands of the other two appearing 
much injuri d and drj'. We thus see that the glands of 
the discs, after absorbing this acid, rarely transmit any motor 
impulse to the outer tentacles; though these, when their own 
glands absorb the acid, are strongly acted on. 

Zaciic Acid. — Three leaves wore immersed in ninety minims of 
one part to 437 of water. After 48 m. there was no inflection, 
but the surrounding fluid was coloured pink; after 8 hrs. 
30 m. one leaf alone w^os a little inflected, and almost all 
the glands on all three leaves wore of a very pale colour. 
The loaves wore then washed and placed in a solution (1 gr. 
to jjO oz.) of phosphate of ammonia; after about IG hrs. there 
was only a trace of inflection. They were left in the phosphate 
for 48 hrs., and remained in the same state, with almost all 
their glands discoloured. The protoplasm within the cells 
was not aggregated, except in a very few tentacles, the glands 
of which were not much discoloured. I believe, therefore, 
that almost all the glands and tentacles had been killed by 
the acid so suddenly that hardly any inflection was caused. 
Four leaves were next immersed in 120 minims of a weaker 
solution, of one part to 875 of water; after 2 hrs. 30 m. the 
surrounding fluid was quite pink; the glands were pale, but 

O • 
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there was no inflection ; after 7 lirs. 30 m. two of the leaves 
showed some inflection, and the glands were almost wliitc; 
after 21 hrs. two of the leaves were considerably inflected, 
and a third slightly ; most of the glands were white, the otlicirs 
dark red. After 45 hrs. one leaf had almost every tcniaclo in- 
flected; a second a large numlier ; the third and fourth very few ; 
almost all the glands were white, excepting those on the <liscs of 
two of the Iciaves, and many of these were very dark red. The 
loavc.s appeared dead. Hence lactic acid acts in a very peculiar 
manner, causing inflection at an extraordinarily slow rate, and 
being highly poisonous. Immersion in even w'eakcr solutions, 
viz. of one part to 1312 and 1750 of W’ater, apparently killed the 
leaves (the tentacles after a time being bowed backwards), and 
rendered the glands white, but caused no inilectioii. 

(faUic, Tannic, Tartaric, and Citric Acid &. — One part to 437 of 
water. Three or four leaves were immersed, each in thirty 
minims of these four sol ul ions, so that each leaf received of a 
grain, or 4 048 mg. No inflection w^as caused in 24 hrs., and Ihe 
leaves did not appear at an injured. Those which had been in 
the tannic and tartaric acids wx*rc placed in a solution (1 gr. to 
20 oz.) of phosphate of ammonia, but no inflection ciisucid in 
24 hrs. On the other hand, the four leaves which had been in 
the citric acid, when treated with the phosphate, became decidedly 
inflected in 50 m. and strongly inflected after 5 hrs., and so 
remained for the next 24 hrs. 

M(tlic Acid. — Three leaves wore immersed in ninety minims of 
a solution of one part to 437 of water ; no inflt^ction was caused 
in 8 hrs. 20 m., but after 24 hrs. two of them were considerably, 
and the third slightly, inflected— more so than could ho ac- 
CAjunted for by the action of water. No great amount of mucus 
was secreted. They were then placed in water, and after two 
days partially re-expanded. Hence this acid is not poisonous. 

Oxalic Acid. — Three loaves were immersed in ninety minims of 
a solution of 1 gr. to 437 of water; after 2 hrs. 10 in. there ^’as 
much inflection; glands pale; the surrounding fluid of a dark 
pink colour ; after 8 hrs. excessive inflection. The leaves were 
then placed in water ; after about IG h.rs.* the tentacles were of 
a very dark red colour, like those of the leaves in acetic acid. 
After 24 additional hours, the three leaves were dead and their 
glands colourhiss. 

•Jienzoic Acid. — Five leaves were immersed, each in thirty 
minims of a solution of 1 gr. to 437 of water. This solution was 
so weak that it only just tasted acid, yet, as we shall see, was 
highly poisonous to Droscra. After 52 m. the submarginal 
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tentacles were somewhat inflected, and all tlio glands very pale- 
coloured; the surrounding fluid was coloured irink. On one 
occasion the- fluid became pink in the course of only 12 m., and 
the glands as white .as if the leaf had been dipped in boiling 
water. After 4 hrs. much inflection; but none of the tentacles 
were clos(jly inflected, owing, as I IxBliovo, to their having l)een 
paralysed before they had time to complete their movement. 
An extraordinsiry cpiantity of mucus was secreted. Some of the 
leaves wore left in the solution; others, after an immersion of 
C hrs. 80 m., were placed in water. Next morning both lots 
were (piilo dead; the leaves in the solution being flaccid, those 
in tlui water (now coloured yellow) of a i)ale brown tint, and 
their glands white. 

Acid . — Three leaves were immersed in ninety minims 
of a solution of 1 gr. to 137 of water; after 4 hrs. 15 in. consider- 
able and after 28 hrs. "great inflection ; many of the glands 
pale; fluid coloured jn'nk. The leaves were then washed and 
placed in water ; after two days there was some rci-expansiou, 
but many of the glands were still* white. Tliis acid is not 
nearly so poisonous as oxalic or benzoic. 

Uric Arid. — 'three leaves were immersed in 180 minims of a 
solution of 1 gr. to 875 of warm water, but all the acid was not 
dissolved; so that each received nearly of a grain. After 
25 in. there was some slight inflection, but this never increased; 
after 9 hrs. the glands were not discoloured, nor was the solu- 
tion coloured pink; nevertheless much mucus was secreted. 
The leaves were then placed in water, and by next morning 
fully re-cxi)an(lcd. I doubt whether this acid really causes 
iiifl(uflion, for the slight movement which at first occurred may 
have been duo to the i)rcscnce of a trace of albuminous matter. 
Dut it produces some effect, as shown by the secretion of so 
mifch mucus. 

Uijipuric Acid. — ^Foiir leaves were immersed in 120 minims of 
a solution of 1 gr, to 437 of water. After 2 hrs. the fluid was 
coloured pink ; glands pale, but no inflection. After 6 hrs. some 
inflection; after 9 hrs. all four leaves greatly inflected; much 
mucus secreted ; all the glands very pile. Thu leaves were then 
left in water for two days; they remained closely inflected, 
with their glands colourless, and 1 do not doubt were killed. 

Hydroc^fanic Acid. — ^Four leaves were immersed, each in thirty 
minims of one part to 487 of water; in 2 hrs. 45 ni. all the 
tentacles wore considerably inflected, with many of the glands 
pale ; after 3 hrs. 45 m. all strongly inflected, and the surround- 
ing fluid coloured pink ; after 6 hrs. all closely inflected. After 

o 2 • 
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an immersion of 8 hrs. 20 m. the leaves were washed and placed 
in water; next morning, after about 16 hrs., they were still 
inflected and discoloured ; on the succeeding day they were 
evidently dead. Two leaves were immersed in a stronger 
mixture, of one part to fifty of water; in 1 hr. 15 m. the glands 
became as white as porcelain, ns if they had l)cen dipped in boil- 
ing water ; very few of the tentacles were inflected ; but after 
4 hrs. almost all were inflected. These leaves were then placed' 
in water, and next morning were evidently dead. Half-minim 
drops of the same strength (viz. one jiart to fifty of water) wore 
next placed on the discs of five leaves ; after 21 hrs. all the 
outer tentacles were inflected, and the leaves appeared much 
injured. I likcAvisc touched the secretion I’ound a largo number 
of glands \vitli minute drops (about of a minim, or *00290 ml.) 
of iSchcelo’s mixture (6 per cent.) ; the glands first l)ecamc bright 
red, find after 3 hrs. 15 ni. about two-thirds of the tentacles 
bearing these glands were iufleclc.*d, and remained so for the two 
succeeding days, when they appeared dead. 

Coiiclicdinff Remarhs on the Action of Acids . — It is 
evident that acids have a strong tcnd(,'ucy to cause the 
inflection of the tentacles;* for out of the twenty-four 
acids tried, nineteen tlius acted, either rapidly and 
energetically, or slowly and slightly. This fact is 
remarkable, as the juices of many idants contain more 
acid, judging by the taste, than the solutions employed 
in my exj)eriinents. From the powerful eflccts of so 
many acids on Drosera, wc are led to infer that those 
naturally contained in the tissues of this plant, as itell 
as of others, must play some important part in their 
economy. Of the five cases in which acids did not 
cuuse the tentacles to be infleeded, one is doubtful; 
for uric acid did act slightly, and caused a copious 
secretion of mucus. Merc sourness to the taste is no 

* According to M. Fournier Berlicris instantly to close: though 
(‘Do la Fccondatiori dunH Jch drops of water have no such power, 
>*huncrogunieH,’ 1SG3, p. 61) drojiH which latter statement 1 cun con- 
of acetic, hydrocyuuic, un<l huI- firm, 
ph^ric acid cause the stainciis of 
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(iritoriou of tho power of an acid on Droserrf, as citriij 
aii<l tartaric acids are very sour, yet do not excite 
inflection. It is remarkaldo how acids diflVjr in 
their ])ower. Thus, hydrochloric acid acts far less 
powerfully than hydriodic and many other acids of the 
same strength, and is not poisonous. This is an in- 
t(^resting fact, as hydroehloruj acid plays so important 
a part in the digestive process of animals. Formic 
achl induces very slight inflection, and is not poison- 
ous; whereas its ally, acetic acid, acts rapidly and 
powerfully, and is poisonous. Malic acid acts slightly, 
vvln^reas citric anrl tartaric acids produce no effect. 
J aictic. acid is poisonous, and is remarkable from in- 
<lucing infle(5tion only after a considerable interval of 
time. Nothing surprised me more than that a solution 
of Ixjnzoic acid, so weak m to be hardly acidulous to 
the taste, should acit with great rapidity and be highly 
jioisonoiis; for 1 am infopined that it produces no 
marked effect on the animal economy. It may be 
seen, by looking down the list .at tho head of this dis- 
cussion, that most of tho a<dds are poisonous, often 
highly so. Diluted acids are known to induce nega- 
tive osmose,* and the poisonous action of so many 
acids on Drosira is, perhaps, connected with this 
power, for we have seen that the fluids in which they 
were immersed often became pink, and the glands 
pale-coloured or white. Many of the poisonous acids, 
such us hydriodic, benzoic, hipjiuric, and carbolic (but 
T neglected to record all the cases), caused the secre- 
tion of an extraordinary amount of mucus, so that 
long ropes of this matter hung from the leaves when 
they were lifted out of the solutions. Other acids, 
such as hydrochloric and malic, have no such ten- 


* Miller’s * Elements of Chemistry,’ part i. 1867, p. 87. 
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CHAPTER IX. 

'I'liE Effects of certain ALKAiiOiD Poisons, otuer Scustances and 
Va1X)UUS. 

Strychniiu', salts of — QiiiTiiue, siilyliate of, clot*s not soon arrest the 
iiiovenient of the protoplasm — Other salts of quinine — Dij^italiiie 

— NitHitiiic — Atropine — Venitrine — ( 'olohicine — Theine - - Curare 

— Morpliiii — Hyose.yamus — l^oisori of the colira, up|>areiitly acce- 
lerates the movein<*nts of the protoplasm —Camphor, a powerful 
stimulant, its Taiiour nart'otic — Certain essential oils excite move- 
ment— Olyceriiie — ‘Water and certain solutions retard or prevent 
the snhst‘<iiient action of phoHjihate of uinSnonia — Alcohol inno- 
cuous, its vap<mr narcotic and poisonous — Cldoroforin, sulphuric 
and nitric ether, their stimulant, poisonous, and ^reotic j^siwer — 
Carbonic acid narcotic, not quickly poisonous — Concludinfr remarks. 

As iu the last chapter, I will first give my experiments, 
and tlien a brief summary of the results with somii 
concluding remarks. 

Acetate of Strychnine, — ITalf-miuimR of a solution of one part to 
437 of water were placed on the discs of six leaves; so that 
each received „ of a grain, or *0290 mg. In 2 hrs. 30 m. the 
outer tentacles onpsome of them were inflected, but in an irregu- 
lar manner, sometimes only on one side of the leaf. The next 
morning, after 22 hrs. 30 in., the inflection liad not iiicmased. 
Tlio glands on tlio central disc were b1ack(*ucd, and liad ceased 
secreting. After an additional hrs. all the central glands 
seemed dead, but the inflected tentacles bad re-expanded and 
appeared quite healthy. Hence the ixiisonous action of strych- 
nine ‘ seems confined to the glands which have absorlied it ; 
nevertheless, these glands transmit a motor impulse to the 
exterior tentacles. Iklinuto drops (about -a\,' of a minim) ot 
tlie same solution aiiplied to the glands of the outer tentacles 
occasionally caused them to bond. The poison docs not seem 
to act quickly, for having applied to several glands similar 
drops of a rather stronger solution, of one part to 292 of water, 
this did not prevent tho tentacles bending, when tlieir glands 
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were excited, after an interval of a quarter to three quarters of 
an hour, by being rubixjd or given bits of meat. Similar drops 
of a solution of one psirt to 218 of water (2 grs. to 1 oz.) quickly 
blackened the glands; some tew tentacles thus treated moved, 
whilst others did not. The latter, however, on Ixjing subse- 
quently moistened with saliva or given bits of meat, iwcanie 
incurved, though ^vith extreme slowness ; and this shows that 
they liad been injured. Stronger solutions (but the strength 
was not ascertained) sometimes arrested all i)<)wcr of movement 
very quickly ; thus bits of meat were jdaced on the glands of 
several exterior tentacles, and as soon as tliey began to move, 
minute drops of the strong solution were addt?d. They con- 
tinued for a short time to go on bending, and then suddenly 
stood still; other tentacles on the same leaves, with meat 
on their glands, but not wetted with the strychnine, continued 
to bend and soon reached the centre of the leaf. 

Cifmte of Strychniji^e. — Half-minims of a solution of one part 
to 437 of water were placed on the discs of six leaves ; after 
24 hrs. the outer tentacles showed only a trace of inflection. 
Bits of meat were then placed on three of these leav(5s, but in 
24 hrs. only slight and irregular inflection occurred, pioving 
that the leaves had been greatly injured. Two of the loaves to 
which meat had not been given had their discal glands dry and 
much injured. Minute drops of a strong solution of one part to 
109 of water (4 grs. to 1 oz.) were added to the secretion round 
several glands, but did not produce nearly so plain an effect as 
the drops of a much weaker solution of the acetate. Particles of 
the dry citrate were placed on six glands ; two of tlieso moved 
some way towards the centre, and then stood still, l)eing no 
doubt killed ; three others curved much farther inwards, and 
were then fixed; one alone reached the centre. Five leaves 
were immersed, each in thirty minims of a solution of one part 
to 437 of water; so that each received of a grain; after 
about 1 hr. some of the outer tentacles became inflected, and 
the glands were oddly mottled with black and whiter These 
glands, in from 4 hrs. to 5 hrs., became whitish and dpaqiic, 
and the protoplasm in the cells of the tentacles was well aggre- 
gated. By this time two of the leaves were greatly inflected, 
but the three others not much more inflected than they were 
before. Nevertheless two fresh leaves, after an immersion re- 
spectively for 2 hrs. and 4 lirs. in the solution, were not killed ; 
for on being left for 1 hr. 30 m. in a solution of one part of 
carbonate of ammonia to 218 of water, their tentacles became 
more inflected, and there was much aggregation. The glands 
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of two other leaves, after an immersion for 2 lirs. in a stronger 
solution, of one part of the citrate to 218 of water, became of an 
ojiaquc, pale jnnk colour, which Ixiforo long disappeared, leaving 
them white. One of these two leaves had its blade and 
tentacles greatly inflected; the other hardly at all; but the 
protoplasm in the cells of both was aggregated down to the 
bases of the tentacles, with the spherical masses in the colls 
close beneath the glands blackened. After 24 hrs. one of these 
leaves was colourless, and evidently dead. 

Sulphate of Quinine . — Some of this salt was added to 
water, wliicli is said to dissolve part of its weight. 

Five leaves were immersed, each in thirty minims of this solu- 
tion, which tasted bitter. In less than 1 hr. some of them had 
a few tentacles inflected. In 3 hrs. most of the glands became 
whitisli, others dark-coloured, and many oddly mottled. After 
6 hrs. tvro of the lcave§ had a good many tentacles inflected, but 
this very moderate degree of inflection never increased. One of 
the leaves was taken out of the solution after 4 hrs., and placed 
in water; by the next morning some few (jf the inflected 
tentacles had re-expanded, showing that they were not dead; 
but the glands were still much discoloured. Another leaf not 
included in the above lot, after an immersion of 3 hrs. 15 m., 
was carefully examined; the protoplasm in the qplls of the 
outer tentacles, and of the short green ones on the disc, had 
become strongly aggregated down to their bases ; and I distinctly 
saw that the little masses changed their positions and shapes 
rather rapidly ; some coalescing and again separating. 1 was 
surprised at this fact, because quinine is said to ari’est all move- 
ment in the wliite corpuscles of the blood ; but as, according to 
Binz,* this is duo to their being no longer supplied with oxygen 
by the red corpuscles, any such annstment of movement could 
not Ix) expected in Drosera. That the glands had alisorl)ed some 
of thq salt was evident from their change of colour ; but I at 
first thought that the solution might not have travelled down 
the colls of the tentacles, where tlio protoplasm was sech in 
active movement. This view, however, I have no doubt, is 
erroneous, for a loaf which had been immersed for 3 hrs. in the 
quinine solution was then placed in a little solution of one part of 
carbonate of ammonia to 218 of w^ater; and in 80 m. the glands 
and the upper cells of the tentacles became intensely black, with 
the protoplasm presenting a very unusual appearance; for it 


* Quarterly Journal of Mioroscopical Science,* April 1874, p. 185. 
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had become aggregated into reticiulated dingy-coloiired masses, 
having rounded and angular interspaces. As I have never 
seen tliis effect produced by the carbonate of ammonia alone, 
it must bo attributed to the previous action of the quinine. 
Those reticulated masses 'wore watched for some tiino, but did 
not change their forms ; so that the protoplasm no doubt hail 
been killed by the combined action of the two salts, though 
exposed to them for only a short time. 

Another leaf, after an immersion for 24 lira, in the quinine 
solution, became somewhat flaccid, and the protoj^lasm in all 
the cells was aggregated. Many of the aggregated masses were 
discoloured, and prcsc'iited a granular appearance ; they were 
spherical, or elongated, or still more commonly consisted of 
little curved chains of small globules. None of those masses 
exhibited the least movement, and no doubt were all dead. 

Half-minims of tlie solution were placed on the discs of six 
leaves; after 28 hrs. one hod all its tentacles, two liad a few, 
and the others “none inflected; so that the discal glands, when 
irritated by this salt, do not transmit any strong motor impulse 
to the outer tentacles. After 48 hrs. the glands on the discs of 
all six leaves were evidently mucli injured or quite killed. It is 
clear that tliis salt is highly iX)isonons.* 

ActtaiG of Quiniue, — Four leaves were immersed, each in tJiirty 
minims of a solution of one j>art to 437 of water. Tlie solution 
was tested with litmus paptT, and was not acid. After only 
10 m. all four leaves were greatly, and after G hrs. immensely, 
inflected. They wcjre then left in water for 00 hrs., but never 
re-expandcd ; the glands were white, and the leaves evidently 
dead. This salt is tar more eflieient tlian tlie sul;)hate in 
causing inflection, and, like that salt, is highly poisonous. 

Nitrate of Quinine, — Four leaves were immersed, eacli in thirty 
minims of a solution of one part to 437 of water. After 6 hrs. 
there was hardly a trace of inflection; after 22 hrs. throcjpf the 
leaves were moderately, and the fourth slightly inflcctcid; so 
that*this salt induces, though rather slowly, well-marked inflec- 
tion. These leaves, on Ijcing left in water for 48 hrs., almost 


♦ Binz found Hovf?ral yi-nrH ago 
(as stilted in ‘Thu .Tniimal of 
Anatomy aiftl Ifliys.’ NovenilsT 
1872, p. 105) that qiiinia is an 
1 ‘nergetio poison to low vege- 
table and animal organisms. Even 
one jiart adih.’d to 4000 parts of 
blood arrests the movements of the 


white rorpnseles, wliich become 
“ rounded and gramdar.” In the 
teiitiieles of Drosera the aggre- 
giitc'd masses of protojdasm, whhdi 
fippeared kiJhd by the- (piitiiue, 
lik(‘wise pri'sented a gmniiUir 
fijipeumnce. A similar apjiear- 
anee is caused by very liot water. 
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completely re-expandcd, but the glands were much discoloured, 
llcncc this salt is not poisonous in any high degree. The 
different action of the three foregoing salts of quinine is sin- 
gular. 

DUiituUne. — ITalf-minims of a solution of one part to 437 of 
water were placed on the discs of five leaves. In 3 hrs. 45 m. 
some of them hod their tentacles, and one had its blade, 
moderately inflected. After 8 hrs. three of them were well in- 
flected; tlio fourth liad only a few tentacles inflected, and the 
fifth (an old leaf) was not at all affected. They remained in 
nearly the same state for two days, but tlie glands on their discs 
becam(3 pale. On the third day the leaves aj^peared much 
injured. Nevertheless, ivlien bits of meat were placed on two 
of them, the outer tontjiclcs became inflected. A minute drop 
(about -jj’o of a minim) of the solution was applied to three 
glands, and after 6 hr^. all three tentacles were inflected, but 
next day had nearly re-expandcd ; so that this very small dose 
of -a-H'Jini O' grain ('00225 mg.) acts on a tentacle, but is not 
poisonous. It api^ars from these several tacts that digitalino 
causes inflection, and poisons the glands which absorb a 
moderately largo amount. 

— The secretion round several gland4 was touclicd 
with a minute drop of the pure fluid, and tlie glands were 
instantly blackened; the tentacles becoming inflected in a few 
minutes. Two leaves wore immersed in a weak solution of two 
dro]js to 1 oz., or 437 grains, of vratcr. When examined 
after 3 hrs. 21) m., only twenty-one tentacles on one leaf were 
closely inflected, and six on the other slightly so ; but all the 
glands were hlaekcned, or vciy dark-coloured, with the pro- 
toplasm in all the cells of all the tentacles much aggregated 
and dark-colonrcd. The leaves %verc not quite killed, for on 
being placed in a little solution of carbonate of ammonia 
(2 grs. to 1 oz.) a few more tentacles l)ecamo inflected, the 
remainder not being acted on during the next 24 hrs. 

Half-minims of a stronger solution (two drops to 4 oz. of 
water) were placed on the discs of six leaves, and in 30 m. all 
those tentacles Iwcame inflected; the glands of which Iiad 
actually touched the solution, as shown by their blackness ; 
but hardly any motor influence was ti*ansmitted to the outer 
tentacles. After 22 hrs. most of the glands on the discs ap- 
peared dead ; but this could not have been the case, as when 
bits of meat were placed on three of them, some few of tlie 
outer tentacles were inflected in 24 hrs. Hence nicotine has a 
great tendency to blacken the glands and to induce aggregation 
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of the protoplasm, but, except when pure, lias very moderate 
power of inducing inflection, and still less power of causing 
a motor influence to he transmitted from the discal glands to 
the outer tentacles. It is moderately poisonous. 

Atropine.— k grain was added to 437 grains of water, but 
was not all dissolved; another grain was added to 437 grains of 
a mixture of one jiart of alcohol to seven parts of water; and 
a third solution was made by adding one part of valerianate of 
atropine to 437 of water. Half-minims of these three solutions 
were placed, in each case, on the di.scs of six leaves; but no 
effect wdiatcvcr was jiroduced, excepting that the glands on 
the discs to which the valerianate was given were slightly 
discoloured. The six leaves on w’hich drops of ilio solution 
of atropine in diluted alcohol had boon left for 21 In*.'*, 
were given bits of moat, and all iHicaiue in 21 hrs. fairly wx*ll 
inflected; so that atroiiine docs not excite movement, and is 
not poisonous. I also tried in the same manner the alkaloid 
sold as daturine, w'hich is believed not to differ from atro])ine, 
and it i)roduccd no effect. Three of the leaves on which (Irops 
of this latter solution had been left foi* 21 hrs. wore likewise 
given bits of moat, and they had in the course of 24 hrs. a good 
many of their submarginal tentacles inflected. 

Veratrine, Colchicine., TAemr.— Solutions were made of these 
three alkaloids by adding one part to 437 of water. Ilalf-minims 
were placed, in each case, on the discs of at least six leaves, but 
no inflection was caused, cxce])t perhaps a very sliglit amount 
by the theino. llalf-minims of a strong infusion of tea like- 
wise i)roduced, as fonnerly stated, no effect. 1 also tried similar 
drops of an infusion of one part of the extract of colcliicum, sold 
by druggi.sts, to 218 of water ; and the leaves wxto observed for 
48 hrs., without any effect l)cing produced. The seven leavcfi on 
which drops of veratrine had been left for 26 hrs. wer(3 given 
bits of meat, and after 21 lira, were well inflected. These three 
alkaloids are therefforo quite innocuous. 

Curare . — One part of this famous poison w^as added to 218 of 
water, and three leaves were immersed in ninety minims of the 
filtered solution. In 3 hrs. 30 m. some of the tentacles were 
a little inflected ; as was the blade of one, after 4 hr.s. After 
7 hrs. the glands were wonderfully blackened, shoVing that 
matter of some kind had been absorlicd. In 9 hrs. two of the 
leaves had most of their tentacles sub-inflected, but the inflec- 
tion did not increase in the course of 24 hrs. One of these 
leaves, after being immersed for 9 hrs. in the solution, was 
placed in water, and by next morning hod largely re-expanded ; 
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the other two, after their immersion for 24 hrs., were likewise 
in w^ater, and in hrs. were considerably re-expanded, 
though their glands w'cro as black as ever. Ilalf-minims were 
placed on the discs of six leaves, and no inflection ensued ; but 
after throe days the glands on the discs appeared rather dry, 
yet to niy surprise were not blackened. On another occasion 
drops were iflaced on the discs of six leaves, and a considerable 
amount of inflection was sooji caused ; but as I had not filtered 
the solution, floating particles may have acted on the glands. 
After 21 Jirs. bits of meat were placed on the discs of three of 
tlMJSc leaves, and next day they Ixjcame strongly inflected. As I 
at first thought that the poison might not have been dissolved 
in ])ure water, one grain was added to 437 grains of a mixture 
of one part of alcohol to seven of water, and half-minims were 
placjcd on the discs of six leaves. These were not at all affected, 
and when aftcT a day T)its of meat were given them, they w’ere 
slightly inflected in 5 hrs., and closely after 24 hrs. It follows 
from these several tacts tliat a solution of curaro induces a very 
moderate degree of iidleedion, and this may perhaps be duo to 
the presence of a minute quantity of albumen. It certainly is 
not poisonous. The juotoplasm in one of the leaves, which hod 
Ixscn immersed for 21 hrs., and which had become slightly in- 
flected, had undergone a very slight amount of aggi*egation — 
not more than often ensues from an immersion of this length of 
time in water. 

Act uate of Morjthia.—l tried a great numl^r of experiments 
with this suhstaiico, but with no certain result. A considerable 
numlHjr of loaves were immersed from l)ctween 2 hrs. and 6 hrs. 
in a solution of ono part to 218 of water, and did not become 
inflectetl. Nor wxro they poisoned ; for when they wore washed 
and i)lacc(l in weak solutions of phosphate and carbonate of 
ammonia, they soon l)ecamo strongly inflected, with the pro- 
toplasm, in the cells well aggregated. If, however, whilst the 
leaves wore immersed in the morphia, phosphate of am- 
monia was added, inflection did not rapidly ensue. Minute 
drops -of the solution were applied in the usual manner to the 
secretion round between tliirty and forty glands; and when, 
after an interval of (5 m., bits of meat, a little saliva, or particles 
of glass, wero placed on them, the movement of the tentacles 
was greatly retarded. But on otlicr occasions no such retar- 
dation .occurred. Drops of water similarly applied never have 
any retarding power. Minute drops of a solution of sugar of 
the same strength (one part to 218 of w^ater) sometimes retarded 
the subsequent action of meat and of particles of glass^ and 
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sometimes did not do so. At one time I felt convinoed tliat 
morphia acted as a narcotic on Drosera, hut after having found 
in wliat a singular manner immersion in certain non-poisoiious 
salts and acids j)revcnts the subsequent action of phosphate of 
ammonia, whereas other solutions havo no such i)owcr, my 
first conviction seems very doubtful. 

Kvtract of Ilyoavyumtia , — Sevcml leaves were placed, each in 
thirty minims of an infusion of 3 grs. of the ('xtract sold by 
druggists to 1 oz. of water. One of them, after being immersed 
for 5 hrs. 15 m., was not inftocted, and was then ])ut into a 
solution (1 gr. to 1 oz.) of carbonate of ammonia ; after 2 lirs. 
40 m. it was found considerably inflected, and the glands 
much blackened. Four of the leaves, after being iinmcrsc'd for 
2 hrs. 14 m., were placed in 120 minims of a solution (1 gr. to 
20 oz.) of phosphate of ammonia; they had already become 
slightly inflected from the hyoscyamns,''])robably owing to thti 
presence of some albuminous matter, as formerly explained, 
but the inflection immediately increased, and after 1 hr. was 
strongly pronounced; so that hyoscyamus docs not act as a 
narcotic or jjoison. 

Poison frora the Fivifj of a Liviny Adder, — IMinuto drops were 
placed on the glands of many tentacles; these were quickly 
inflected, just as if saliva liad been given them. Next morning, 
after 17 hrs. 30 m., all were beginning to rc-expand, and they 
ap})carcd uninjured. 

Poison from the Cobra.— -1)1. Fayrer, well known from his 
investigations on tho jx)i8on of this deadly snake, was so kind 
as to give me some in a dried state. It is an albuminous 
substance, and is believed to replace the ptyaliiie of saliva.* A 
minute drop (alwut of a minim) of a solution of one part to 
437 of water was applied to tho secretion round four glands ; so 
that each received only about gs loo of a grain ('0010 mg.). Tlie 
ojieration was repeated on four other glands ; and in 15 m. 
several of tho eight tentacles became well inflccterl, and all of 
them in 2 hrs. Next morning, after 24 !irs., they were still 
inflected, and tho glands of a very pale pink colour. After an 
additional 24 hrs. they were nearly re-expanded, and completely 
so on the succeeding day; but most of tho glands remained 
almost white. 

Half-minims of tho same solution were placed on the discs of 
three leaves, so that each received of a grain (’0675 mg.) ; in 


Dr. Fayrer, ‘ Tho Tliaiiatophidiu of India,’ 1872, p. 150. 
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4 lirs. 15 m. tho outer tentacles were much inflected ; and after 
0 hrs. 30 111 . those on two of tho leaves were closely inflected and 
tho blado of one ; tho third loaf was only moderately affected. 
The leaves remained in the same stato during the next day^ 
but after 48 hrs. ro-expanded. 

Tlireo leaves were now immersed, each in thirty minims of the 
solution, so that each received of a grain, or d*04S mg. In 
0 m. there was some inflection, which steadily increased, so that 
afhjr ‘2 hrs. 30 m. all threo leaves were closely inflected; the 
glands wtu-e at first somewhat darkened, then rendered pale ; and 
the protoplasm within the caiUs of tho tentacles w'as partially 
aggregatcid. Tho little masses of proto])lasm were examined 
after 3 hrs., and again after 7 hrs., and on no other occasion 
have 1 scicn them undergoing such rapid changes of form. 
After 8 hi’s. 30 m. the glands liad liecome quite white; tlicy had 
not secreted any great quantity of mucus. The leaves were 
now jilaced in water, and after 40 hrs. re-expanded, showing that 
they were not much or at all injured. During their immersion 
in water the protoplasm within the ctills of tho tentacles w'as 
occasionally cxaininod, and always found in strong movement. 

Two leaves were next inmnu’sed, each in thirty minims of a 
much stronger solution, of one part to 109 of water ; so that each 
received \ of a grain, or ]()‘2 mg. After 1 hr. 45 m. tho sul)- 
marginal ttjiiiaclcs were strongly inflected, witli tho glands some- 
wliat pale ; after 3 hrs. 30 ra. l)oth leaves had all their tentacles 
clo.sely inflected and the glands w'hito. Hence the wmkor 
solution, as in so many other cases, induced more rapid inflec- 
tion than the stronger one ; but the glands were sooner rendered 
white by the latter. After an immersion of 24 lirs. some of the 
tentacles were examined, and the protoplasm, still of a fine 
purple colour, was found aggregated into chains of small globular 
masses. These changed their shapes with remarkable quickness. 
After an immersion of 48 lirs. they wore again examined, and 
their movements were so plain tliat they could easily be seen 
under a weak powir. Tho leaves were now placed in water, 
and after 24 hrs. (i.c. 72 hrs. from their first immersion) the 
little masses of protoplasm, wluch liad become of a dingy purjple, 
wore still in strong movement, changing their shapes, coalescing, 
and again separating. 

In 8 hrs. after those two leaves had been placed in water (i.e. 
in 56 hrs. after their immersion in the solution) they began to 
re-expand, and by the next morning wero more expanded. 
After an additional day (i.c. on the fourth day after their immer- 
sion in the solution) they were largely, but not quite fully 
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expanded. The tentacles were now examined, and the aggregated 
inassi's were almost wholly rcdissolvcd ; the cells being filled with 
liomogeneous purple fluid, with the exception here and there of 
a single globular mass. AVe thus see how completely the proto- 
plasm had escapcnl all injury from the poison. As the glands 
were soon rendered quite wliitc, it occurred to mo that their 
texture might have been modified in such a manner as to 
prevent the poison passing into the cells beneath, and conse- 
quently that the lu’tjtoplasin within these cells had not bcjcn at 
all affected. Accordingly I placed another leaf, which had been 
immersed for 48 hrs. in tlie poison and afterwards for 24 hrs. in 
water, in a little solution of one part of carbonate of ammonia 
to 218 of water; in 30 in. the protoplasm in the colls Ix^ncath 
the glands became darker, and in the course of 24 hrs. the 
tentacles were filled down to their bases with dark-coloured 
spherical masses. Hence the glands- had not lost their 
])ower of absorjition, as far as the carbonate of ammonia is 
concerned. 

From these facts it is manifest that the poison of the cobra, 
though so deadly to animals, is not at all poisonous to Droscra ; 
yet it causes strong and rapid inflection of the tentacles, and 
soon discharges all colour from the glands. It seems even to act 
os a stimulant to the protoplasm, for after considerable expe- 
rience in observing the movements of this substance in Droscra, 
I have never seen it on any other occasion in so active a state. I 
w’as therefore anxious to learn how this poison affected animal 
protoplasm ; and Dr. Fayrcr was so kind as to make some obser- 
vations for me, which he has since published.* Ciliated epi- 
thelium from the mouth of a frog was placed in a solution of 
•03 gramme to 4’6 cubic cm. of water ; others being placed 
at the same time in pure water for comparison. The move- 
ments of the cilia in the solution seemed at first increased, 
but soon languished, and after between 15 and 20 minutes 
ceased ; whilst tliose in the water were still acting vigorously. 
The wliitc corpuscles of the blood of a frog,%nd the cilia on two 
infusorial animals, a Paranueciuin and Volvox, were similarly 
affected by the poison. Dr. Fayrcr also found that the muscle 
of a frog lost' its irritability after an immersion of 20 m. in 
the solution, not then responding to a strong electrical current. 
On the other hand, the movements of the cilia on the mantle of 
an Unio were not always arrested, even when left for a considcr- 


* ProccedingH of Royal Society,’ Feb. 18, 1875. 
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able time in a vory strong s(3lution. On tho whole, it seems 
that tho poison of the cobra acts far more injuriously on tlie 
protoplasm of tho liighcr animals than on that of Hrosora. 

There is one other point wliicJi may bo noticed. 1 have occa- 
sionally obs(}iTcd tliat tho drops of secretion round the glands 
were l•ender^^d somewhat turbid by certain solutions, and more 
esiMJcially by some acids, a film Iniing formed on the surfaces of 
the drops; but 1 never saw this effect produced in so con- 
spicuous a uianncr as by the cobra poison. When the stronger 
solution was employed, tho tlrops api)oared in 10 ni. like little 
white rounded <*louds. After 48 lirs. the secretion was changed 
into threads and sheets of a membrajious substance, including 
minute granules of various sizes. 

Camphor. — Some scraped camplior was left for a day in a l)ottle 
witli distilled Avatcr, ami tlicn filtered. A solution tlius made is 
said to contain Qf its weight of camphor; it smelt and 
tastcjd of this suJostance. Ten leaves were immersed in this 
solution; after 15 m. five of them were well inflected, two 
showing a first trace of movement in 11 m. and 12 m. ; the 
sixth leaf did not b<;giu to move until 15 m. had elapsed, but 
was fairly well inllectcd in 17 m. and (piito closed in 24 m. ; the 
sevontli began to move in 17 ni., and was completely shut in 
26 m. The cightli, ninth, and tenth leaves were old and of 
a very dark rod colour, and these were not inflected after an 
immersion of 24 hrs.; so that in making experiments with 
camphor it is necessary to avoid such leaves. Some of these 
loaves, on being left in tlic solution for 4 hrs., l)ccamo of a 
rather dingy pink colour, and secreted much mucus ; althougli 
their tentacles were closely inflected, the protoplasm within the 
colls was not at all aggregated. On another occasion, liowever, 
after a longer immersion of 24 hrs., there was well marked 
' aggregation. A solution made by adding two drops of campho- 
rated spirits to an ounce of water did not act on one leaf; 
whereas thirty minims added to an ounce of water acted on two 
leaves immersed together. 

M. Vogel lias shown* that tlio flowers of various plants do not 
wither so soon when their stems aro placed in a solution of cam- 
phor as when in water; and that if already sliglitly withered, 
they recover more quickly. The germination of certain seeds is 
also accelerated by tlio soliitiou. So that camiihor acts as a 
stimulant, and it is tho only known stimulant for plants. I 


• ‘ Ganlonor’s Chronicle,* 1874, p. 6*71. 
wore made in 1798 by B. S. Barton. 


Nearly similar observations 

r • 
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wished, therefore, to ascertain whether camplior would render the 
loaves of J’)rosera more sensitive to incclianiral irritation tlian 
they naturally are. Six leaves wore left in distilled water for 
5 in. or Gm., and then gently brnsh(?d twict* or thrice, whilst still 
under water, 'with a soft camel-hair hriish; but no inoveinent 
ensued. Nino l(*avcs, wliieb had l)Oon ininier.sed in the above 
solution of camphor for the tim(‘s staled in the following 
table, were next l>ruRhcd only oikm with the same bnisli and in 
the same manner as before; tlui results are given in the table. 
3ry first trials were made by brushing tluj leaves whilst still 
immersed in the solution ; but it occu^n^d to me that th(i viscid 
secretion round the glands would thus Ikj rcmovt?d, and tin* 
cam])lior might «act more eftoetually on them. Tn all the 
following trials, therefore, each loaf was tahon out of the .solu- 
tion, waved for aliout 15 s. in water, then placed in fresh water 
and brushed, so tliat the brushing would not allow the freer 
access of the camphor ; but tlii.s treatment made no dilfenmee 
ill the results. 


% 1 Length of | 

•J Iinincrflioi) in 

® th*' Solut i«in 

^ , (if Cani])h()r. ; 

1 ' i 

Length of Time 1x*t\voon the Art of Urushiiig j 
aii«l lh(‘ Inflection of the* 'I'ciitarli-s. | 

Li ngtii of 
'I’imo iH'twr-rii 
the JiiimiM'sioii 
of fill* 1. caves In 
the Sitiution 
and til * First 
Sign of the 
Inllirtioii of the 
■I t iilael H. 



!i 111 . con siih Tallin iiilli'ction : 1 in. all ) 

8 in. 

1 

5 111. 

tlic bnitar-Icrtcxccjit 3or l inlhvtcd. f 


5 111. 

<1 in. first sign of iiificctioii. 

11 III. 


r. , , 

ffi in. 30 s. .sliglil iiiJlectioii ; 7 m. 30 

11 m. .‘iOri. 

•1 

in. 

lilain iiifloi'tioii. ) 

A 

4 in. :i0 s. 

( 2 m. 30 s. a trace of iitficclion ; 3 in. | 


4: 

1 ])laiii ; 4 in. strongly nwirlvcd. f 

i in. ^ 


4 in. 

l2 in. 30 H. a traec* of iiillection ; 3 in.l 

i» in. 30 s. 

:> 

\ plain in flection. ) 


■1 111. 

(2 in. 30 s. (h.TidiU inllurtion ; 3 in. 30 s. | 

G rn. .*!() s. 

6 

\ strongly marked. / 


4 in. 

l2 111 . 30 s. slight inflection; 3 ni. i 

t; m. 30 s. 

7 

i plain ; 4 in. well marked. j 

o ' 

3 m. 

3 m. 

(2 111 . trace of inflcc.tioii ; 3 in. coii-1 

p. 

8 

\ sideruliU*, fi in. strong inflei'tion. | 
(2 m. tnie (5 of infiectioii ; 3 m. eou-i 

e Til. 

J 

\ si(lcral>h% G in. strong iiillection. ) 

T) in. 


Other leaves were left in the solution without licirig brushed ; 
one of these first showed a trace of inflection after 11 m.; a 
second after 12 m.; five were not inflected until 15 m. had 
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ol,‘i])sc(l, Jind two not imtil a fow minntcjs later. On the other 
hand, it will he seen in the rij^liMiand coliinm of the table that 
most of the leaves siibjeetcd to the solniioii, and wlnCh were 
l)rnshc<l, hecamo in(leot(.*d in a imieh shorter time. Tin; inov«*- 
ment of the tentacles of some of thes<‘ leaves was so raj»id that 
it could l)e])laiiily seem through a very weak lens. 

Two or three otlier (^xpcTiiiKnits arc worth p^ivinpr. A large 
old l<.*af, aft(fr being iinmersc’d for 10 in. in tlio solution, did not 
ap]>ear likely to he soon inthieted ; so T hrnshed it, anti in 2 in. 
it began to move, .and in 8 m. was completely shut. Anotiiei* 
leaf, after an iiiimersioii of 15 m., showed no signs of inflection, 
so was brushed, and in 4: m. was grandly infhictcd. A third Ic.nf, 
.after an immersion of 17 ni., likewise showed no signs of iii- 
llcctioii; it was then brushed, but did not movt} foi* 1 hr.; so 
that liero was a failure. It w.as again brushed, and now in 
9 m. a few leiitaelcs botrnno inflected; the failure therefore was 
not coinpleh;. 

Wc m.ay conclude that a small dose of c.amphor in solution is a 
powerful stiinnlant to Drosera. It not only soon excites the teii- 
tiiclcs to bend, but aiipareiitly renders the gl.ands sensitive to a 
touch, which by itself does not cause any nioveincnt. Or it may 
bo that a slight mecjliaiiical irrit.atioii not enough to c.ause any 
infie(;tiGn yet gives some tendency to movoinent, and thus 
roinfonjcs the aijtioii of the camphor. This latter view wouhl 
have appc.ared to mo the more probable one, had it not been 
sliown by M. Yogol th.at Camphor is a sliinnlant in other ways ti» 
various plants and Bce<ls. 

Two plants bcjiring four or five leaves, .and with their rot)ts 
in a little enp of w.ator, were exposed to tho vapour of some 
bits of camphor (about as Large as a filbert-nut), under a 
vessel liolding ten fluid ounces. After 10 lirs. no inticetion 
ensued ; but tlio glands appe.arcd to \yo secreting more (*opiously. 
Tho leaves were in a n.arcotised condition, for on hits of meat 
being i)l.acod on two of tlicm, there was no inflection in 3 lii’s. 
15 ni., and even after 18 lir.s. 15 m. only a few of the outer 
tentacles were slightly inflected; but this degree of movement 
shows that the leaves liad not been killed by an exposure 
during 10 hrs. to the vapour of camphor. 

Oil of Caraway . — Water is said to dissolve about a thousandth 
IMirt of its weight of this oil. A drop Avas added to an onnet^ 
of water and tho bottle occ.asionally sliakoii during a day; 
but many minute globules rom.aiucd undissolvcd. Five loaves 
were immersed in this mixture; in from 1 m. to 5 m. there was 
some inflection, which became moderately pronounced in two or 
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thrt'o additional mimites. After 14 m. all five leaves were well, 
and some of them closely, intlcctod. After G lirs. the f'land.s Avere 
white, and iniu'li nmena had lx?on secreted. The leaves were 
now tiaccid, of a jKJcnliar dull-red colour, and evidently dead. 
One of the leaves, after an immersion of 4 m., was brushed, like the 
leaves in thi^ camphor, but this produced no effect. A plant 
with its roots in waft'r Avas exposed under a 10-oz. vessel to the 
A'ajiour of tliis oil, and in 1 hr. 20 in. one leaf slioAvcd a trace of 
inflection. After 5 hrs. 20 m. the cover Avas talum off and tlu^ 
loaves examined; one had all its tent.-icles closely inflected, 
the second al>ont half in the same state; and the third all sub- 
inflected. The plant A\’as loft in the open air for 42 lirs., but not 
a sinirle tentacle expanded ; all the glands al>]X)arod dead, except 
here and there one, AA’hich Avas still secreting. It is evident 
that tin's oil is higlily exciting and poisonous to Drosei’a. 

OH of Clorcs.~-k mixture A\*as made in thfe same manner as in 
the last ease, and three leaves were immersed in it. After 30 iii. 
there Avas only a trace of inflection which iiciA'cr increased. After 
1 hr. 30 m. the glands Avere pale.*, ami after 6 lirs. Avhitc. No 
doubt the leaves Avero much injured or killed. 

Siiiull drops placed 'on the discs of some loavcjs 
killed them, as did likewise? drops of creosote. A plant Avas left 
for 15 m. under a 12-oz. A’cssel, Avith its inner siirlacre wetted 
witli twehx* drops of turpentine; but no movement of the ten- 
tacles ensuefl. After 24 hrs. the x>lant Avas dead. 

Ilalf-ininims Avcrc jilaccil on the discs of three 
leaves : in 2 hrs. some of the outer tentacles wen? irregularly 
infheted ; and in 10 hrs. tin? leaves were flaccid and apparently 
dead ; the glands Avliich bad touched the glycerine were colour- 
less. Minute drops (alx)ut A? <>f a minim) Avere ai)])lied to the? 
glands of scAxral teiibiclc'.s, and in a fcAv minutes those moved 
and soon reaclujd the centre. Similar drops of a mixture 
of four dropped droyis to 1 oz. of Avater wore likewise applied 
to several glands; but only a few of the tentacles moved, and 
these very slowly and slightly. Half-minims of tliis same mix- 
ture placed on the discs of some leaves caused, to my surprise, no 
inflection in the course of 48 hrs. Bits of meat w(jro tlion given 
them, and next day they Avero well inflected ; notAvithstanding 
that some of the discal glands had been rendered almost colour- 
less. Tavo leaves Avere immersed in the same mixture, but only 
for 4 lira.; tliey were not inflected, and on being aftcrAvards 
loft for 2 hrs. 30 m. in a solution (1 gr. to 1 oz.) of carbonate of 
ammonia, tlieir glands were blackojicd, their tentacles inflected, 
and the protoplasm Avitliin their cells aggregated. It appears 
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from these fiicts that a mixture of four drops of 
ail ounce of water is not ])oisoiious, and excites very little in- 
llection ; hut that pure glycerine is poisonous, and if ai)plied 
ill very minulo quantities to tlie glands of tlie outer tentacles 
causes their infiectioii. 

The h'fjeds of /mmtrsion in Water and in various Sohitions on 
the snhsrjfimU Action if Phosphate and Carl)onatii of Animonia . — 
We havij seen in the third and seventh chapters that immersion 
in distilled water causes after a time some (Icgrec of aggregation 
of the 3 )rotoi)lasm, and a moderate amount of inflection, espe- 
cially ill the case of i>lanis which have l)cen kciit at a rather 
liigh tenqierature. Water <h)cs not ox(ute a copious secretion 
of mucus. Wo have lierc to consider the effects of imiiicrsion 
in various fluids on the subsequent action of salts of ammonia 
and other stimulants. Four leaves which hatl been left for 
24 hrs. in water were giv«n bits of moat, but did not clasp them. 
Ten leaves, after a similar immersion, were left for 24 hrs. in 
a ])owcrful solution (1 gr. to 20 oz.) of phosiihato of ammonia, 
and only one showed even a trace of inllection. Three of 
tlieso leav(?K, on Ixjing left for an a<lditional day in tho solution, 
still remained quite unattected. When, however, some of these 
l(‘aves, whitjh had Ixioii first immm’sal in water for 21 hrs., and 
then ill tho jihosphatc for 21 hrs. wore placed in a solution of 
carl)onate of ammonia (one jiart to 218 of water), tho pro- 
tiqflasm in the (^ells of the tentacles became in a few hours 
strongly aggivgatotl, showing that this salt had l>cen absorbed 
andjtakeii effect. 

A short immersion in water for 20 m. did not retard the suli- 
sccpicnt action of the ])hosifliatc, or of splinters of glass placed 
on the glands ; but in two instaiieos an immersion for 50 m. pre- 
vented any effect from a solution of camphor. Several leaves 
which had lieen left for 20 m. in a solution of one jiart of white 
sugar to 218 of water were placed in the phosphate soliilion, 
the action of which was delayed ; whereas a mixed solution of 
sugar and tho pliosjihatc did not in the least interfere with the 
effects of tho latter. Tlirco leaves, after being immei*scd for 20 m. 
in tlic sugar solution, wore placed in a solution of carbonate of 
ammonia (one part to 218 of wafer;; in 2 m. or 8 m. the glands 
were blackened, and after 7 m. tho tentacles were considerably 
infloctcil, so that the solution of sugar, though it delaycil the 
action of tho phosphate, did not delay that of tho carbonate. 
Immersion in a similar solution of gum arabic for 20 ni. had no 
retarding action on the phosphate. Tlirco leaves were left for 
20 m. in a mixture of one part of alcohol to seven imrts of water, 
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iiiul tlifii plaocil ill tho pliospiiate solution : in 2 lirs. 15 in. tlion* 
was a tmro of inflo(?tion.in one loaf, and in 5 lirs. DO ni. a soooiul 
was sli^ditly aftootod; tlio iiiHcclioii snlisc’finonlly iiicivased, 
thoiifjli slowly. Hence diluted alcohol, wliieli, as we shall sec, is 
hardly at all ].K>isonous, plainly retards tho suhst‘«pient action of 
the phosphate. 

It was shown in the last chapter that loaves whioh di<l not 
heroine inflectiil by nearly a day’s inmKTsion in solutions of 
various salts ami aoiils iHiliavod very ditfoiviitly from one all- 
ot her Avlaai snhse<(nently ]flaoed in tho ]»liospliate solntiun. 1 
here liive a table sumining np the resnlts. 


I'lTilul 4 »f 
! iiiiiii-i'sioii 
ol' fill* 

N.iiuf 'if tin* Silts :Mid j In 

AiiiN in SuluiiMii. I N.lutuiiss 
■ III' one part 
t<« 4:s7 *if 

Ihilmliulii chltu’uU' . lirs. 

Potas.-'iiiiii carlKiiiJite* 20 iii. 

1 

i '.ileiniii aoetato . 21 hrs. 

< ’alHiiiit tiirrate . .| 21 hr>. 

Mairnoiinii acetate. | 22 hrs. 

i 

^liiiriioiiiiii nitrate.! 22 iirs. 


MaLnie.-iniii ehloii»le 22 hrs. 


IhiriMiii acetate 


22 hrs. 


nitrate . 


‘2i hrs. 


Strentiiini acetate 


22 hrs. 


Strontiiiiii nitrate 


22 hrs. 


Aluniiniiiin chloride,' Jirs. 


Eni-c-t< priviiirfit mi till* r/':ivi s hy tln*ir siilisi-- 
<|Ufiit Inniii rsifii lor Kiatoil pi-iumU in a 
N.Iniion of tiiio part of piii»>]>iiati‘ nl 
aiiiiiionia Jlo sT.'iO of water, or I irr. to 
20 o/. 


After .*;e 111 . stron.v: inlleethm of the 
tentacles. 

Scarci*ly :iny iiillection until n") hrs. 
had t*la|>s\>d. 

After 21 lirs. ver\ sliLdit inllectioti. 

1)«». do. 

Some ^li•r1Lt iidloction, whicli la cairn* 
well pronniinced in 21 lir>. 

After *1 hrs. DO ni. a fair aiiioant of 
iiillection, widcli never iiu*rea.-ed. 

After a few niinutes irreiit inlleetfon ; 
after! hrs.all four leaves with ainiost 
every tentaele closely inilected. 

After 2t hrs. two leaves out of four 
sliirhtly inilected. 

After DU in. one leaf jireatly, and two 
others nioderat-ely, inlleeted; they 
reiiiitiiied thus for 21 lirs. 

After 2r» iii. twe/ leave.s frnatly in- 
llcc'ted; after S lirs. a tliinl leaf 
• iiHMlerately, and the iVnirth very 
I slightly, inlleeted. All four thus 
^remained for 21 hrs. 

After H Ill’s, tliree l«*aves out of Jive 
liUMlerately inilected; after 21 hrs. 
all livi: in this state; hut not <iiie 
closely inilected. 

. Three leaves wliieli had either heeii 
sli^flitly or not at all iiilect.(‘d hy the 
chloride heeaiiie after 7 hrs. DO in. 
rather closely iiiileeled. 
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N.into f»f till' Sjilts and 
Acids ill Sdlutiijii. 

rcri«Mi <if 
Imiiici'siuTi 
of the 

ill 

SiiliilidiiK 
of one 
to laT of 
WjiUT. 

EITwts prodnred on the T.c!ivcs by their siili- 
he<]iieiit Jiuinersion for .stated |if.-riods in a 
Solution of fiiii* part of phii»<]dit'itC‘ ot 
atiiinonia to b75U of water, or 1 gr. to 
‘20 o/. 

AliiiniMiimi Jiitrato. 

24 lirs. 

A Her 2r>]irs.sliglit and doiihtfiil effect. 

Lead chloride . 

2il Ill's. 

After 24 hrs. two h-aves .'jomcwlmt 
iiiliccted. th(‘ third very little; and 
thus rcmaiimd. 

^raiiiraiicsi* chloride 

22 hrs. 

After IS hrs. not lla* least inilcction. 

Luetit* acid . 

■IS hrs. 

After 21 Jirs. a traoo of inilcction in 
a few* tcntaclos, tlm glands of 
which Imd nejt hcen killed hy the 
acid. 

Tannic acid . 

24 hrs. 

After 24 hn?. no inilcction. 

Tartarii' acid 

24 Jirs. 

Do. tlo. 

Citric acid . . . 

24 Ill's. 

After .'50 ni. tentacles decidedly in- 
lleeted, and after •> lirs. strongly 
inllecleil ; so reiiiaiiied for the next 
24 hrs. 

Formic acid , 

22 lira. , 

Not ol »ser> ed until 2 1 hrs. had elapsed ; 
teiitaeles consiileral dy iullectcd, ami 
protoplasni aggregatc'd. 


111 a lar^v majority of tlicso twenty cases, a varying degree of 
iullectioii Mas slowly caused by the ])liospliato. In four cases, 
li()W()ver, tlio iiiflection M'as rapid, occurring in less than half an 
hour or at most in 50 m. Tii three cases tlic iiliosphate did not 
produce the least effect. No>v whal are we to infer from these 
facts? AVe kiunv from ten trials that immersion in distilled 
water for 21 hrs. prevents the siil«eqiient action of the phos- 
phate solution. It would, therefore, api^ar as if the solutions of 
<;hloi’ide of manganese, tannic and tartaric acids, which are not 
poisinious, acted exactly like crater, for the phosphate produced 
no effect on the leaves Avhicli IumI Ixieii previously immersed 
in these tliree solutions. Tho majority of the other solutions 
behaved to a certain extent like water, for the phosphate pro- 
duced,. after a considerable interval of time, only a slight effect. 
On the other hand, tho loaves which had been immersed in the 
solutions of tho chloride of mhidiuin and magnesium, of acetate 
of strontium, nitrate of Imrinni, and citrfc acid, Mere quickly 
acted on by tlie phosphate. Now was M^atcr ahsorlied from tliese 
live M'cak solutions, and yet, owing to the presence of the salts, 
did not prevent tlio subsequent action of tho phosphate? Or 
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may wo not sup]X)se* that tho interstices of the walls of 
the glands Averc blocked uj* with tho inoh^ules of theso five 
substances, so that they Avero naidercd inijicmicablo toAvatcr; 
tor had Avatcr entered, wo kiioAV from the ten trials that tlic 
phosphate aa'OuUI not aftorAA'ards have i»rixluced any eflfect? It 
further aiiiicars that tlic molecules of the carbonate of ammonia 
ran jpiickly pass into glands Avhich, from having lH?eii immersed 
for si) in. in a Aveak solution of sugar, either absorb tho phos- 
phate A’ery slowly or arc acted on by it Aery sloAvly. On the 
other hand, glands, hoAvever they may haA’o l)eeii treated, seem 
easily to j)crmit the subsequent entmnee of the molecules of 
carbonate of ammonia. Thus leaves which had been immersed 
in a solution (of ono part to 437 of water) of nitrate of pitas- 
sium for 48 hrs.— of sulphate of potassium for 24 hrs. — and of 
the chloride of ixitassium for 25 lirs. — on being ])laced in a 
solution of one part of carbonate of ammonia to 218 of Avatcr, 
liad their glands immediately hhickened, and after 1 hr. tlicir 
tentacles someAvhat inflected, and tho protoplasm aggregated. 
But it would Ixi an endless task to cndeaA'our to ascertain 
the wonderfully diA'crsiticd eflccts of various solutions on 
Drosera. 

Akoho! (one part to seven of Avatcr).— It has already been slioAvn 
that half-minims of this strength placed on tho discs of loaves 
do not cause any inflection ; and that when tAvo days aftei-Avards 
the leaves Avcrc given bits of meat, they became strongly in- 
flected. Four leaves Avero immei*sed in this mixture, and Iavo of 
them after 30 m. Avorc brushed with a camel-hair brush, liko the 
leaves in the solution of camphor, but ibis produced no etfoct. 


* S(‘(i Dr. M. Trauhe’s curious 
uxporiiucuts oil tho production of 
artiflcial colls, :iiid on tlioir per- 
meuhility to various salts, dc*- 
scribod in Iiis papers: “Experi- 
Jiionto ziir Tho(»rio dor Zcllonbil- 
dimg mid Kudnsiuoso,” iSreslaii, 
180U ; and “ Kxperimonto znr 
physicalischcii Erklilrungdor Bil- 
duug dor Zollhaiit, ill res Wachs- 
thnins diircli lutusHuscoption,” 
Breslau, 1874. Those researches 
perhaps explain my results. Dr. 
Tmulxi commonly (;m]iloyed as a 
membrane tho precipitate formed 
when tuiniic acid eoincs into con- 
tact witJi a solution of gelatine. 


By allowing a proci])itatiori of 
siihihate of jinrium to take place 
at the same time, the membrane 
bfKioines “ inllltrate*r* with this 
salt; and in consei|nence of the 
intercalation of molecules of sul- 
phate of barium among these of 
the gelathui preeipitate, tho mole- 
cular interstices in the imaiibraiie 
are made smaller. In this altered 
cmidition, tiie infanbrane no longer 
allows tlie ]NiHHugo through it of 
either sulphate of animonia or 
nitrate of barium, though it re- 
tains its iKirmeability for water 
and chloride of ammouiu. 
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Nor did tlicso four leaves, on l)eing Itift for 24 hrs. in the diluted 
alcohol, undergo any inflection. Tliey were then removed ; one 
being placed in «au infusion of raw meat, and bits of meat on 
the discs of the otlier three, Avith their stalks in Avatcr. Next 
day one seemed a little injured, A\4iilst tAVo others showed merely 
a trace of inflection. Wo must, however, bcjir in mind that 
immersion for 2 1 hrs. in Avatcr prevents leaves from clasi)ing 
meat. Hence alcohol of the al)ovo strength is not poisonous, nor 
does it stimulate the leaws like camphor does. 

The vajiour of alcohol acts differently. A plant haA’ing three 
good leaves was left for 25 in. under a receiver holding 19 oz. 
Avith sixty minims of alcohol in a Avatch-glass. No movement 
ensued, but some few of the glands wero blackened and 
shrivelled, Avhilst many became quite j)alc. These Avere scattered 
over all the IcaA’os in the most irregular manner, reminding me 
of the manner in which the glands W(;re afiected by the va]30ur 
of carlx)nato of ammonia. Immediately on the removal of tho 
ro(u;iAX‘r partiides of raw meat Averc i^laced on many of the gland.s, 
tliose wliich retained their proper colour being chiefly seh'cted. 
Hilt not a single toiitaclo Avas inflected during the next 4: hrs. 
After tho tirst 2 hrs. the glands on all tho tentacles began to 
dry; and next morning, after 22 brs., all tlireo IcaA’cs apjxjared 
almost dead, Avith their glands dry; tho tentacles on one leaf 
alone lieiug partially inflected. 

A second plant Avas left for only 5 m. with some alcohol in a 
watch-glass, under a 12-oz. recciATV, and particles of meat were 
then placed on tho glands of several tentacles. After 10 m. 
some of them Ixigaii to curvo iuAvards, and after 55 m. nearly 
nil wcrij considerably inflected; but a few did not moA’o. Some 
aiif'esthetliic effect is here probable, but by no means certain. 
A tliird 2 )Iant AV'as also kift for 5 m. under the same small vessel, 
with its Avholo inner surface Avettod Avilh about a dozen drops of 
alcohol. Particles of mijat AA’cro now placed on the glands of 
several tentacles, some of Avliicli first began to move in 25 m. ; 
aft(U’ 40 m. most of them were someAvbat inflected, and after 
1 lir. 10 m. almost all Avero considerably inflected. From their 
slow rate of movement there can bo no doubt that the glands of 
these tentacles had been rendered insensible for a time by 
exposure during 5 m. to the vaiK>ur of alcohol. 

Vapour of CV/forr/r^m.— The action of this A'apour on Drosera 
is very A^ariablo, depending, I suppose, on the constitution or ago 
of the plant, or on some unknown condition. It sometimes 
causes the tentacles to move with extraordinary rapidity, and 
sometimes produces uo such effect. Tho glands arc sometimes 
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rcmlercd for a time iiisonsiblo to the action of raw meat, but 
sometimes are not thus affected, or in a very slight degree. A 
plant recovers from a small dose, but is easily killed by a large* r 
one. 

A plant was left for 30 m. under a l)ell -glass holding 
19 fluid oz. (r)39‘G ml.) with eight drops of chloroform, and 
before the cover was removed, most of the tentacles became 
much intlected, though they did not reach the e(*ntrc. After 
the covt*r was removed, bits of meat were placed on the glands 
of several of tlui somewhat incurved tentacles; these glands 
Avere found mueh blackened after G hrs. 30 m., but no further 
movement ensued. After 21 hrs. the leaves appeared almost 
dead. 

A smaller bell-glass, holding 12 fluid oz. (310-8 ml.), Avas now 
employed, and a ]dant was left for 90 s. under it, Avith only 
two di-ops of chloroform. Iiniriediately -on the removal of the 
glass all the tentacles curved inwards so as to stand p(*rp(m- 
dicuhirly up ; and some of them could actually bo seen moving 
with extraordinary quickness hy little starts, and thert‘forc in 
an unnatural manner; hut they neAx*r reached the centre. 
After 22 hrs. they fully re-expanded, and on meat being placed 
on their glands, or when roughly touched by a needle, they 
promptly lx*camo inflected; so that theso lt;aves had not been 
in the least injured. 

Another plant Avas placed under tlio same small hell-glass 
with three drops of chloroform, and before tAVO minutes had 
cla])sed, the tentacles lu'gaii to curl inwards Avitli rapid littlo 
jerks. The glass aaus then rcmoA’cd, and in the coui’so of two 
or three additional minutes almost every tentaclo reaehcil llio 
centre. On several otlmr occasions the vapour did not cxcito 
any movement of this kind. 

There seems also to be groat variability in tlio degree and 
manner in wliicli chloroform renders the glands insensible to the 
subsequent action of meat. In the plant last referred to, Avhich 
had been exi)osed for 2 in. to three drops of chlorofonn, sonio 
few tentacles cnrA’cd up only to a perpendicular iKisition, and 
particles of mc^it were placed on their glands; this caused 
them in 5 m. to licgin moving, but tlujy moved so slowly that 
they did not reach the centre until 1 hr. 30 m. had elapsed. 
Another plant Avas similarly exiK)sed, that is, for 2 m. to three 
drops of chloroform, and on particles of meat Mug placed on 
the glands of several tentacles, Avhich had curved up into a 
perpendicular position, ono of these began to l)end in 8 m., but 
aftcrAvards moved very slowly ; whilst none of the other tentacles 
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moved for the next 40 m. Nevertlicless, in 1 lir. 45 m. from tho 
tiiiic when tho bits of meat had been givc'ii, all tho tentacles 
reached the centre. In this case some slight anesthetic effect 
ai)|>arently had Ixjon produced. On tlite following day the plant 
liJid i)erteeily recovered. 

Another jdant bearing two leaves was exposed for 2 m. under 
the lO-oz. vessel to two drops of chlorofonn; it was then taken 
out and examined; again exjiosod for 2 m. to two drops; 
taken out, and rc-(^xp(jsed for 3 m. to three drops; so tliat 
altogctlior it "was exposed alternately to the air and during 
7 m. to the vapour of seven drops of chlorofoiin. Bits of meat 
were now placed on thijdccn glands on the two leaves. On one 
of these leaves, a single tentaelo first U'giui moving in 40 in., 
and two otlujrs in 54 m. On the second leaf some tentacles 
first moved in 1 hr. 11 in. After 2 hrs. many tentacles on both 
leaves were inflected ;. but none had reached the centre within 
this time. In this case tluire cotdd not be the least doubt that 
th(i chloroform luul exerted an anesthetic influence on tho 
leaves. 

(hi tho other hand, another plant vrus exposed under the same 
vessel for a much longer time, viz. 20 m., to twice as much 
chloroform. Bits of meat ■wi*r(? then placed on the glands of 
many tentacles, and all of them, with a single exception, reached 
the ••entro in from 13 in. to 11 in. In this case, little or no 
anmsthetic effect had been priHlueed; and how to reconcile 
thc'se discordant results, 1 know not. 

I ’opfiar f/ Solfihnrir A jilant was exposed for 30 m. to 

thii’ty minims of this ether in a vessel holding lU oz. ; and bits 
of raw meat were afterwards placed on many glands which had 
become iialc-colourcd ; but none of the tentacles moved. After 
0 hrs. 30 111 . tho leaves aiijicared sickly, and tlic discal glands 
wore almost dry. By the next morning many of the tentacles 
were dead, as were all those on which meat had been placed; 
showing that matter had lieeu ahsorlicd from the meat which 
had increased tlie evil effects of the vapour. After four days 
tho plant itself died. Another plant \Ais exposed in the same 
vos.scl for 15 ni. to forty minims. One young, small, and 
tendcu* leaf had all its tentacles inflected, and seemed much 
injured. Bits of raw meat were placed on several glands on 
two other and older leaves. These glands liocamc dry after 
0 hrs., and seemed injured ; the tentacles never moved, except- 
ing one Avhich was ultimately a liUlo inflected. The glands of 
the other tentacles continued to secrete, and appealed uninjured, 
but tho whole plant after three days become very sickly. 
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In the two foregoing exixjrinionts the doses were evidently too 
large and poisonous. With weaker doses, tlie anR)sthetic effect 
was variable, as in the case of (dilorofonn. A plant was exposed 
for 5 m. to ten drops under a r2-oz. vessel, and bits of meat were 
then ])laced on many glands. None of the tentacles thus treated 
began to move in a decided manner until 40 in. liad elapsed ; but 
then some of them moved very quickly, so that two reached the 
centre after an additional interval of only 10 in. In 2 lii*s. 12 m. 
from the time when the meat was given, all the tentacles reached 
the centre. * Another plant, with two leaves, w^as exposed in the 
same vessel for 5 m. to a rather larger dose of ether, and bits of 
meat were placed on several glands. In this case one tentacle 
on each leaf l)egan to liend in Sm. ; and after 12 m. two tentacles 
on one leaf, and one on the second leaf, reached the centre. In 
30 m. after tlie meat had been given, all the tentacles, both those 
with and without meat, were closely infleoted ; so that the ether 
apparently had stimulated these leaves, causing all the tentacles 
to bend. 

Vapour of Nitric Ktkcr, — This vapour seems mrire injurious than 
that of sulpliiiric ether. A jdant was exposed for 5 m. in a 12- 
oz. vessel to eight drops in a watch-glass, and I distinctly saw a 
few tentacles curling inwards before the glass was removed. 
Immediately afterwards bits of moat were placed on throe 
glands, but no movement ensued in tho course of 18 in. The 
same plant was placed again under tho same vessel for 16 m. 
with t<jn drops of tho ether. None of th(j tentacles moved, 
and next morning those with tho moat W(irc still in the same 
position. After 48 hrs. one leaf seemed healthy, but the others 
wore much injured. 

Another plant, having two good leaves, was exposed for C m. 
under a ll)-oz. vessel to the vapour from ten minims of tho 
ether, and bits of meat were then placed on tho glands of many 
tentacles on both leaves. After 36 m. several of them on one 
leaf became inflected, and after 1 lir. almost all tho tentacles, 
those with and withouj meat, nearly reached the centre. On 
tho other leaf tho glands began to dry in 1 hr. 40 m., and after 
several horn's not a single tentacle was inflected ; but by tho 
next morning, after 21 hrs., many were inflected, though they 
seemed much injured. In this and tho previous ex])orimont, 
it is doul)tful, owing to tho injury which tho leaves had suffered, 
whether any anajsthetic effect had been produced. 

A third plant, having two good leaves, was exposed for only 
4 m. in tho 19-oz. vessel to the vapour from six drops. Bits of 
meat wero then placed on tho glands of seven tentacles on tho 



Chap. IX. 


CARBONIC ACID. 


221 


sumo leaf. A single tentacle moved after l-hr. 23 m.; after 

2 Ill's. 8 ni. several were inflected ; and ^fter 3 hrs. 3 m. all the 
seven tentaijlcs with meat were well inflected. From tlie slow- 
ness of these movements it is clear* that this leaf had been 
rendered insensible for a time to the action of the meat. A 
second loaf was rather differently affected ; bits of meat were 
placed on the glands of five tentacles, three of which w^cro 
slightly infl(!ctcd in 28 m.; after 1 hr. 21 m. one reached the 
centre, but the other two Avere still only slightly inflected; after 

3 hrs. they were much more inflected; but even after 5 hrs. 

16 m. all five had not reached the centre. Although some of 
the tentacles began to move moderately soon, they afterwards 
moved with extreme slownes.s. By next morning, after 20 hrs., 
most of the tentacles on both h‘aves were closely inflected, but 
not quite regularly. After 48 hrs. neither leaf api^ared injured, 
thougli the tentacles -were still inflected; after 72 hrs. one * 
Avas almost dead, whilst the otlier Avas re-expanding and 
recovering. 

f'tn'honic Jo/d.— A plant was placed under a 122-oz. bell-glass 
tilled with this gas and standing over Avatcr; but I did not make 
sulllciont allowance for the alisorption of the gas by the Ai’ntcr, 
so that toAvards the latter part of the experiment some air Avas ’ 
drawn in. After an exposure of 2 hrs. the plant Avas removed, 
and bits of iw meat placed on the glands of three leaves. One of 
these leaves hung a little down, and was at tirst partly and soon 
aftcrAvards completely coA-ered by the Avater, Avhich rose AAuthin 
the ves.scl as the gas Avas al)Sorl)ed. On this latter leaf tlie 
tentacles, to Avliioh meat liad been given, became AS'ell inflected 
in 2 ni. 30 s., that is, at about tJio normal rate; so that until 
1 remembered that the leaf had been protected from tlie gas, 
and might perhaps have absorbed oxygen from the water 
Avhich Avas continually drawn inwards, I falsely concluded that 
tlie*carlx)iiic acid had produced no effect. On the other two 
leaves, the tentacles A\uth moat bchaAxd very diflerently fi’om 
those on the first loaf ; tAvo of them first began to move sliglitly 
in 1 lir. 50 m., always reckoning from tho timo when the meat 
Avos ])laced on tho glands— were plainly inflected in 2 hrs. 
22 m. — and in 3 hrs. 22 in. reached the centre. Three other 
tentacles did not begin to move until 2 hrs. 20 m. had elapsed, 
but reached the centre at about tho same timo wiUi tho others, 
viz. in 3 lirs. 22 m. 

This ex 2 )erimcnt was repeated several times with nearly the 
same results, excepting that the interval before t£e tentacles 
began to move varied a little. 1 will givo only one other case. 
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A plant wa.s expascd in the same vessel to the gas for 45 m., and 
. bite of meat were then placini on four glands. Ihit the ten- 
tacle.s did not move for 1 hr. 40 m. ; after 2 hrs. 30 ni. all four 
were well inflected, and after 3 hrs. reached the centre. 

The following singular phenomenon sometimes, but by no 
means always, occurred. A plant was immersed J)r 2 hrs., and 
bits of meat w'cro then placed on several glands. In the course 
of 13 m. all the .subinarginal tentacles on one leaf became con- 
siderably inih'ctcd; those with the meat not in tlic lca.st degree 
more than the others. On a second leaf, which was rather 
old, the tentacles with meat, as well ns a few others, w(*r<3 
moderately intlecto<l. On a third leaf all the tentacles won? 
clo.scly intlc(^ted, though meat had not hccH placed on any of 
the gland-s. This movement, I ])rt»sumo, may he attributed to 
excitement from the absorption of oxygen. Tlic la.st-nientioned 
loaf, to wliich no meat had been given, 'was fully re-exi)andcd 
after 21 hrs.; whereas the two other leaves had all their tem- 
tacles do.sely inflected over the bits of meat which hy tin's tinuj 
Inid lK»on carried to their centres. Tims thc.so three leaves 
had perfectly recovered from the elYccts of the gas in the cour.se 
of 24 hrs. 

On another occasion some fine plante, after having been loft 
for 2 hrs. in the gas, wore immediately given bits of moat in the 
usual manner, and on their exposure to the air most of their 
tentacles became in 12 m. curved into a vertical or sub-vertical 
position, but in an extremely irregular manner ; some only on one 
side of the leaf and son\c on the other. They rcmaincil in tlii.s 
position for some time; the tentacles witli the hits of meat not 
having at first moved more quickly or farther inwards tlian the 
others without meat. But after 2 lirs. 20 m. the former began 
to move, and steadily went on temding uritil they reached tlio 
centre. Xext morning, after 22 hrs., all the tentacles on these 
leaves were closely clasjicd over the meat which had Ixjcn caB^ied 
to their centres ; whilst the vertical and sul>vcrtical tentacles on 
the other leaves to wliich no meat had been given liad fully 
re-expanded. Judging, liowovcr, from the suh.scqnent action ot 
a weak solution of carlxmato of ammonia on one of these latter 
leaves, it had not perfectly recovered its excitability and jiowor 
of movement in 22 hrs. ; but another leaf, after an additional 
24 hrs., had completely recovered, judging from the manner in 
which it clasped a fly placed dh its disc. 

I will give only one other cxixjriment. After the exposure of 
a plant for '2 hrs. to the gas, one of its leaves was immersed in 
a rather strong solution of carbonate of ammonia, together with 
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a fresh leaf from anotlier i)lant. The latter had most of its 
toutacles strongly inflected within 30 m. ; whereas the leaf which 
liad Ixjcii (ixposed to the carl)ouic acid remained for 24 lirs. in 
the solution without undergoing any inflection, with the excep- 
tion of two tentacles. •This leaf had been almost completely 
paralysed, and was not able to recover its sensibility whilst still 
in th(i solution, which from having Ijccn made with distilled 
water 2 )robably contained little oxygen. 

Coticliidinfj Remarks on the Effects of the foregoing 
Agents, — As tlio glands, when oxeitod, transmit some) 
inlluonco to tin' suiTounding tentacles, causing them 
to haml ami their glands to [)our forth an incrcjascd 
amount of modified secretion, I was anxious to 
ascertain wliether tlic leaves include*! any element 
having tli(3 nature of nerve-tissue, which, though 
not continuous, scu’vcd as the channel of transmission. 
This led me to try the several alkaloids and other 
sul)stanci‘.s which anj known to exert a ])owerful in- 
tluencA^ on tlie nervous sysh'in of animals. I was at 
first mieourage?! in my trials by finding that strych- 
nine, *ligitaline, and nicotine, whhdi all act on the 
nervous system, were ])oisonous to Dros(‘ra, and caused 
a certain amount of iniliMdion, Hydrocyanic acid, 
again, which is so deadly a poison to animals, caused 
rapid movement of the tentacles. But as several in- 
nocuous acids, though much diluted, such as benzoic, 
acetic, &c., as well as some essential oils, are ex- 
tremedy })oisonous to Drosera, and quickly cause 
strong inllec.tion, it sec?ms probabhs that strychnine, 
nicotine, digitaline, and hydrocyanic acid, excite in- 
flection by acting on elements in no way analogous 
to the nervc-(3ells of animals. If elements of this 
latter nature had been present in the leaves, it might 
have been expected that morphia, hyoscyamus, atro- 
pine, veratrine, colchicim?, (uirare, ami diluted alcohol 
would have jnoduced some marked effect; whereas 
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tlieso substances arc not poisonous and have no power, 
or only a very slight one, of indiiciiig inflection. It 
should, however, be observed that enrare, colchicine, 
and veratrine are muscle-j)oisotis — that is, act on 
nerves having some sp(‘cial relation with the muscles, 
and, therefore, could not be expected to act on Drosera. 
The poison of the cobra is most deadly to animals, 
by paralysing their nerve-ccintres,* yet is imt in the 
least so to Drosera, tliougli quickly causing strong 
inflection. 

Notwithstanding the foregoing facts, which show 
how wid(‘ly diftcrent is the eftect of certain substance's 
on tlie health or IHb of animals* and of Drosera, yet 
there exists a certain d(‘gree of })aralleHsm in tlio 
action of certain other substances. AVo liavo seen that 
this holds good in a striking maimer witli the salts of 
sodium and potassium. Again, various metallic salts 
and acids, namely those of silver, mercury, gold, tin, 
arsenic, chromium, copp<ir, and platiiia, most or all of 
which are highly poisonous to animals, are equally so 
to Drosera. ]lut it is a singular fact that the chloride 
of lead and two salts of barium were not poisonous to 
this plant. It is an equally strange fact, that, though 
acetic and propionic acids are highly poisonous, their 
ally, formic acid, is not so ; and that, whilst certain 
vegetable acids, namely oxalic, benzoic, &c., are 
poisonous in a high degree, gallic, tannic, tartaric, and 
malic (all diluted to an equal degree) are not so. 
Malic acid induces inflection, whilst the three other 
just named vegetable acids have no such power. But 
a pharmacopoeia would be requisite to describe the 
diversified effects of various substances on Drosera.t 

• Dp. Fayror, ‘The Thanuto- cyanic, and chromic acidn, ace- 
phidia of India,* 1872, p. 4. tuto of Htrychnino, and vapour of 

t Seeing that acetic, hydro- ether, arc poiHouous to Drosera, 
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Of the alkaloids and their salts which were tried, 
several had not the least power of inducing inflection ; 
others, which were certainly absorbed, as shown by the 
changed colour of the glands, had but a very mode- 
rate p«)wer of this kind; others, again, such as tlie 
acetate .of quinine and digihilinc, caused strong in- 
flection. 

Tlie several substances mentioned in this chai)ter 
aflect the colour of the glands very differently. These 
often become dark at first, and then very pale or 
white, as Avas conspicuously the case with glands 
subjected to the poison of the cobra and citrate ol‘ 
strychnine. .In other cases they are from the first 
rendered white, as with leaves placed in hot water and 
several acids ; and this, I presume, is the result of the 
coagulation of the albumen. On the same leaf some 
glands become white and others dark-coloured, as 
occurred with leaves in a solution of the sulphate of 
quinine, and in the vapour of alcohol. Prolonged im- 
mersion in nicotine, curare, and even water, blackens 
the glands ; and this, I believe, is due to the aggre- 
gation of the protoplasm within their cells. Yet 
curare caused very little aggregation in the cells of 
the tentacles, whereas nicotine and sulphate of quinine 
induced strongly marked aggregation down their 
bases. The aggregated masses in leaves which liad 
been immersed for 3 hrs. 15 m. in a saturated solu- 
tion of sulphate of quinine exhibited incessant 


it is remorkablo that Dr. Ransom 
(*Philo8oph. Transact.’ 1867, p. 
480},^ who used much stronger 
solutions of these substances than 
I did, states “that the rhythmic 
oontr^ility of the yolk (of the 
ova of the pike) is not materially 
influenced by any of the poisons 
used, which did not act chemi- 


cally, with the exception of chloro- 
fonn and carbonic acid.” 1 find 
it stated by several writers that 
curare has no influence on sarcode 
or protoplasm, and wo have seen 
that, though curare excites some 
degree of inflection, it causes very 
little aggregation of the proto- 
plasm. 



226 


DROSERA ROTUNDIPOLIA. 


Chap. IX. 


changes of form, hut after 24 hrs. were motionless ; 
the leaf l)eing flaccid and apparently dead. On the 
otlier hand, with loaves subjected for 48 hrs. to a 
strong solution of the poison of the cobra, the juoto- 
plasinic masses were unusually active, whilst with 
the higher animals the vibratile cilia and %vhite 
corpuscles of the blood seem to bo quickly paralysed 
by this substance. 

AVith the salts of alkalies and earths, the nature of 
the base, and not that of the acid, determines their 
physiological action on Drosera, as is likewise the case 
with animals ; but this rule hardly applies to the salts 
of quinine an<l strychnine, for tfie acetate of quinine 
causes much more inflection than the sulphate, and 
lK)t1i are poisonous, wliereas the nitrate of quinine is 
not poisonous, and induces inflection at a much slower 
rate tlian the acetate. The action of the citrate of 
strychnine is also somewhat different from that of the 
sulphate. 

Ti(.*aves which have been immersed for 24 hrs. in 
wat(?r, and for only 20 m. in diluted alcohol, or in a 
weak solution of sugar, are afterwards acted on very 
slowly, or not at all, by the phosphate of ammonia^ 
though they are (piickly acted on by the carl>onate. 
Immersion for 20 m, in a solution of gum arabic has 
no such inhibitory power. The solutions of certain 
salts and acids aflcct the leaves, with respect to the 
subsequent action of the phosphate, exactly like water, 
whilst others allow the phosj)liate afterwards to acf 
cjuickly and energetically. In this latter case, the 
interstices of the c(}ll-walls may have been blocked up 
by the molecules of the salts first given in solution, 
so that water could not afterwards^ enter, though iha 
molecules of the phosphate could do so, and those of 
the carbonate still more easily. 
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The action of camphor dissolved in water is remark- 
able, for it not only soon induces inflection, but 
apparently renders the glands extremely sensitive to 
mechanical irritation ; for if they are brushed with a 
soft brush, after being immersed in the solution for 
a short time, the tentacles begin to bend in about 
2 ni. It may, however, be that the brushing, 
though not a sufficient stimulus by itself, tends to 
excite movement merely by reinforcing the direct 
action of the camphor. The vapour of camphor, on 
the other hand, serves as a narcotic. 

Some essential oils, both in solution and in vapour, 
cause rapid inflection, others have no such power ; 
those which I tried were all poisonous. 

Diluted alcohol (one i)art to seven of water) is not 
poison§iis, does not induce inflection, nor increase the 
seusitiA'eness of the glands to mechanical irritetion. 
The vapour acts as a narcotic or anaesthetic, and long 
exposure to it kills the leaves. 

The vapours of chloroform, siiljihuric and nitric 
ether, aict in a singularly variable manner on different 
leaves, and on the sovcml tentacles of the same leaf. 
This, I suppose, is owing to diflereiices in the age or 
constitution of the leaves, and to whether certain 
tentecles have lately been in action. That these 
vapours are absorbed by the glands is shown by their 
changed colour; but as other plants not furnished 
with glands are affected by these vapours, it is 
probable that they are likewise absorbed by the sto- 
mata of Drosera. They sometimes excite extraordi- 
narily rapid inflection, but this is not an invariable 
result. If allowed to tU5t for even a moderately long 
time, they kill the leaves ; whilst a small dose acting 
for only a short time serves as a narcotic or anaesthetic. 
In this case the tentacles, whether or not they have 

Q 2 
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l)eco]ne inflected, are not excited to fnrtlicr move- 
ment by bits of meat placed on the glands, until 
some considerable time has elapsed. It is generally 

1) elieved that with animals and plants these vapours 
act by arresting oxidation. 

Exposure to carbonic acid for 2hrs., and in one cose 
for only 45 m., likewise rendered the glands insensible 
for a time to the ■powerful stimulus of raw moat. The 
leaves, however, recovered their full powers, and did 
not seem in the least injured, on being left in the 
air for 24 or 48 hrs. We have seen in the third 
chapter thtit the process of aggregation in leaves sub- 
jected for two hours to this gas and then immersed in 
a solution of the carbonate of ammonia is much re- 
tardofl, so that a considerable time elapses before the 

2 ) rotoplasm in the lower cells of the tentacles Hjcomes 
aggregated. In some cases, soon after the leaves were 
removed from the gas and brought into the air, the 
tentacles moved spontaneously ; this being duo, I pre- 
sume, to the excitement from the access of oxygen. 
These inflected tentacles, however, could not be ex- 
cited for some time aftenvards to any further move- 
ment by their glands being stimulated. With other 
irritable plants it is known* that the exedusion of 
oxygen prevents their moving, and arrests the move- 
ments of the protoplasm within their cells, but this 
arrest is a different phenomenon from the retardation 
of the process of aggregation just alluded to. Whether 
this latter fact ought to be attributed to the direct 
action of the carbonic acid, or to the exclusion of 
oxygen, 1 know not. 


* Sachs, ‘ Tiaite de Hot.* 1874, pp. 846, 1037. 
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CHAPTEE X. 

On the Sensitiveness of the Leaves, and on the Lines of 
Tbansmission of the Motor Ibipulse. 

Glands and summits of the tentacles alone sensitive — Transmission 
of the motor impulse down the pedicels of the tentacles, and 
across thtJ hlude of the leaf — Ag^rcigutiou of the protoplasm, 
a reflex action — First discharge of the motor impulse sudden — 
Direction of the movements of the tentacles — Motor impulse 
transmitted through the cellular tissue — Mechanism of the move- 
ineiits — Nature of the^ motor impulse — Ilo-ex2)an8ion of the ten- 
tacles. 

We have seen in the previous chapters that many 
widely difrerent stiimihints, mechanical and chemical, 
excite tlie movement of the tentacles, as well as of the 
blade of the l(*af ; and we must now consider, firstly, 
what are the points which are irritable or sensitive, 
and secondly how the motor impulse is transmitted 
from one point to another. The glands are almost 
excJiisively the seat of irritability, yet this irritability 
must extend for a very short distance below them ; 
for when they were cut off with a sharp pair of 
scissors without being themselves touched, the ten- 
tacles often became inflected. These headless ten- 
tacles frequently re-expahded; and when afterwards 
drops of the two most iMiwcrfiil knowm stimulants were 
placed on the cut-off ends, no effect w’as produced. 
Nevertheless these headless tentacles are capable of 
subsequent inflection if excited by an impulse sent 
from the disc. I succeeded on several occasions in 
crushing glands between fine pincers, but this did 
not excite any movement ; nor did raw' meat and salts 
of ammonia, when placed on such crushed glands. 
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It is probable that they were hilled so instantly that 
they were not able to transmit any motor impulse ; for 
in six observed cases (in two of which however the 
f^land was quite pinched oil) the protoplasm within 
the cells of the tentacles did not become aggregated ; 
whereas in some adjoining tentacles, which were 
inflected from having been roughly touched by the 
pincers, it was well aggregated. In like manner the 
protoplasm docs not be<!ome aggregated when a leaf is 
instantly killed by being dipped into boiling water, 
On the other hand, in several cases in which tentacles 
became inflected after their glands had been cut off 
witli sharp scissors, a distinct though moderate degree 
of aggregation sup(3rvencd. 

The pedicels of tlie tentacles were roughly and re- 
peatedly rubbed ; raw meat" or other exciting sub- 
stances w^ero placed on them, both on the upper 
surface near the* base and elsewhere, but no dis- 
tinct movement ensued. Some bits of moat, after 
being left for a considerable time on the pedicels, 
were pushed upwards, so as just to touch the glands, 
and in a minute the tentacles began to bend. 1 
believe that the blade of the leaf is not sensitive to 
any stimulant. I drove the i)oint of a lancet through 
the blades of several leaves, and a needle three or four 
times through nineteen leaves: in the former case 
no movement ensued ; but about a dozen of the leaves 
which were repeatedly pricked had a few tentacles 
irregularly inflected. As, however, their backs had 
to be supported during the operation, some of the 
outer glands, as well as those on the disc, may have 
been touched ; and this perhaps sufliced to cause the 
slight degree of movement observed, Nitschko* says 


* <Bot. Zeitung,’ 1860, p. 234. 
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that cutting and pricking the leaf does not excite 
movement. The petiole of the leaf is quite insensible. 

The backs of the leaves bear numerous minute 
papillte, which do not secrete, but have the power of 
absor})tion. Those papillce are, I believe, rudiments 
of formerly existing tentacles together with their 
glands. Many experiments were made to ascertain 
whether the backs of the leaves could be irritated in 
any way, thirty-seven leaves being thus tried. Some 
were rubbed for a long time with a blunt needle, 
and drops of milk and other exciting fluids, raw 
meat, crushed flies, and various substances, placed on 
others. These substances were apt soon to become 
dry, showing that no secretion liad been excited. 
Hence I moistened them with saliva, solutions of 
ammonia, weak hy<lrochIoric acid, and frequently with 
the secretion from the glands of other leaves. I 
also kept some leaves, on the backs of which exciting 
objects had been placed, under a damp bell-glass ; but 
with all my care I never saw any true movement. 1 
was led to make so many trials beesause, contrary to 
my previous experience, Nitschke states* that, after 
affixing objects to the backs of leaves by the aid of 
the viscid secretion, he repeatedly saw the tentacles 
(and in one instance the blade) become reflexed. 
This movement, if a true one, would be most ano- 
malous; for it implies that the tenhicles receive a 
motor impulse from an unnatural source, and have 
the power of bending in a direction exactly the 
reverse of that which is habitual to them ; this power 
not being of the least use to the plant, as insects 
cannot adhere to the smooth backs of the leaves. 

I have said that no effect was produced in the above 


* Bot. Zoitung,* 1860, p. 437. 
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cases ; but this is not strictly true, for in three in- 
stiinecs a little syrup wjis added to tlio Ints of raw 
meat on the backs of leaves, in order to keep them 
damp fo» a time ; and after 36 hrs. there was a trace 
of reflexion in the tenbiclos of one leaf, and cer- 
tainly in the blade of another. After twelve addi- 
tional liours, the glands began to dry, and all three 
leaves seemed much injured. Four leaves were then 
placed under a l)ell-glass, with their footstalks in 
w^atcr, with drops of syrup on their backs, but without 
any meat. Tw'o of these leiives, after a day, luwl a few 
tentacdes reflexe<l. The drops had now iiicreastHl con- 
siderably ill size, from having imbil>od moisture, so 
as to trickle down the bac.ks of the tentiwdos and 
footstalks. On tlie second day, one leaf luul its 
l>Iade much reflexed ; on the third day thc^ tentiicles 
of two were much reflexed, as well as the blailes of 
all four to a greater or less degree. The upijer side 
of one leaf, instearl of being, as at first, slightly 
concave, now presented a strong convexity upwards. 
Even on the fifth day the leaves did not appear dead. 
Now, as sugar does not in the least excite Drosera, 
wo may safely attribute the reflexion of the Iihules 
and tentacles of the aliove leaves to cxosiiiose from 
the cells which were in contact with the syrup, and 
their consequent contraction. When drops of synip 
are placed on the leaves of plants with their roots still 
in damp earth, no inflection ensues, for. the roots, no 
doubt, pump up water as quickly as it is lost by 
exosmose. But if cut-oiT leaves are immersed in 
syrup, or in any dense fluid, the tentacles are greatly, 
though irregularly, inflected, some of them assuming 
the shape of corkscrews ; and the leaves soon become 
flaccid. If they are now immersed in a fluid of low 
specific gravity, the tentacles re-exjmnd. From these 
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facts wo may conclude that drops of syrup placed on 
the backs of leaves do not act by exciting a motor 
impulse which is transmitted to the tentacles; but 
that they cause reflexion by inducing ^xosmose. 
Dr. Nitschko used the secretion for sticking insects 
to the backs of the leaves; and I suppose that he 
used a large quantity, which from being dense pro- 
bably caused exosmose. Pcrhaj)s he experimented on 
cut-olf loaves, or on plants with their roots not supplied 
with enough water. 

As far, therciforo, as our present knowledge serves, 
wo may conclude that the glands, together with the 
immediately underlying cells of the tentacles, are 
the exclusive seats of that irritability or sensitiveness 
with which the leaves are endowed. The degree to 
which a gland is excited can bo measured only by 
the number of the surrounding tentacles which are in- 
flected, and by the amount and rate of their move- 
ment. Equally vigorous leaves, exposed to the same 
temperature (and this is an important condition), 
are excit(3d in different degrees under the following 
circumstances. A minute quantity of a weak solu- 
tion produces no effect; add more, or give a rather 
stronger solution, and the tentacles bend. Touch 
a gland once or twice, and no movement follows; 
touch it three or four times, and the tentacle becomes 
inflected, liut the nature of the substance which is 
given is a vary important element : if equal-sized par- 
ticles of glass (which acts only mechanically), of 
gelatine, and raw meat, are placed on the discs of 
several leaves, the meat causes far more rapid, ener- 
getic, and widely extended movement than .the two 
former substances. The number of glands which are 
excited also makes a great difference in tlie result: 
place, a bit of moat on one or two of the discal 
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glands, and only a few of the immediately surround- 
ing short tentacles are inflected ; place it on several 
glands, and many more are acted on; place it on 
thirty oi; forty, and all the tentacles, including the 
extreme marginal ones, become closely inflected. We 
thus see that the impulses proceeding from a number 
of glands strengthen ’one another, spread farther, and 
act on a larger number of tentacles, than the im- 
pulse from any single gland. 

‘ ^Transmission of the Motor Impulse . — In every case 
the impulse from a gland hais to travel for at least 
a short distance to the basal part of the tentacle, 
the ui)per part and the gland ’itself being merely 
carried by the inflection of the lower part. The 
impulse is thus always transmitted down nearly 
the whole length of tlie pedicel. When the central 
glands are stimulated, and the extreme marginal ten- 
tacles become inflected, the impulse is transmitted 
across half the diameter of the disc; and when the 
glands on one side of the disc are stimulated, the 
impulse is transmitted across nearly the whole width 
of the disc. A gland transmits its motor impulse 
far more easily and quickly down its own tentacle 
to the bending place than across the diso to neigh- 
bouring tentacles. Thus a minute dose of a very 
weak solution of ammonia, if given to one of the 
glands of the exterior tentacles, causes it to bend and 
reach the centre; whereas a large drop«of the same 
solution, given to a score of glands on the disc, will 
not cause through their combined influence the least 
inflection of the exterior tentacles. Again, when a 
bit of meat is placed on the gland of an exterior 
tentacle, I have seen movement in ten seconds, and 
repeatedly within a minute; but a much larger bit 
placed on several glands on the disc does not cause 
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the exterior tentacles to bend until half an hour or 
even several hours have elapsed. 

The motor impulse spreads gradually on all sides 
from one or more excited glands, so that, the ten- 
tacles which stand nearest are always first affected, 
lienee, when the glands in the centre of the disc 
are excited, the extreme marginal tentacles arc the 
last inflected. But the glands on difierent parts of 
the leaf transmit their motor power in a somewhat 
different manniT. If a bit of meat be placed on 
the long-headed gland of a marginal tentacle, it 
quickly transmits an impulse to its own bending 
portion ; but never, •its far as I have observed, to the 
adjoining tentacles; for these are not affected until 
the meat has been carried to the central glands, 
W'hich then radiate forth their conjoint impulse on all 
sides. On four occasions leaves were prepared by 
removing some days previously all the glands from 
the centre, so that these could not be excited by 
the bits of meat brought to them by the inflection of 
the margimil tentacles; and now these marginal ten- 
tacles re-expanded after a time without any other 
tentacle being affected. Other leaves w’^ere similarly 
prepared, and bits of meat were placed on the 
glands of two tentacles in the third row from the out- 
side, and on the glands of two tentacles in the fifth 
row. In these four cases the impulse was sent 
in the first; place laterally, that is, in the same 
concentric row of tentacles, and then towards the 
centre; but not centrifugally, or towards the ex- 
terior tentacles. In one of these cases only a single 
tentacle on each side of the one witli meat was 
affected. In the three other cases, from half a dozen 
to a dozen tentacles, both laterally and towards the 
centre, were well infleqted or sub-inflected. Lastly, in 
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ten other experiments, minute bits of meat wore placed 
on a single gland or on two glands in tlie centre of the 
disc. In order that no other glahds should touch 
the meat, through the inflection of the closely adjoin- 
ing short tentacles, about half a dozen glands had 
been previously removed round the selected ones. On 
eight of these leaves from sixteen to twenty-five of the 
short surrounding tentacles were inflected in the course 
of one or two days ; so that the motor imjnilso radiat- 
ing from one or two of the discal glands is able to 
produce this much effect. The tentacles which had 
been removed are included in the above numbers ; for, 
from standing so (dose, they would certainly have been 
affected. On the two remaining leaves, almost all the 
short tentacles on the disc wore inflected. With a 
more powerful stimulus than meat, namely a little 
phosphate of lime moistene<l with saliva, I have seen 
the inflection spread still farther from a single gland 
thus treated ; but even in this case the three or four 
outer rows of tentacles were not affected. From these 
experiments it appears that the impulse from a single 
gland on the disc acts on a greater number of tem- 
tacles than that from a gland of one of the exterior 
elongated tentacles; and this probably follows, at 
least in part, from the impulse having to travel a very « 
short distance down the pedicels of the central ten- 
tacles, so that it is able to spread to a considerable 
distance all round. 

Whilst examining those leaves, I was stnmk with the 
fact that in six, perhaps seven, of them the tentacles 
were much more inflected at .the distal and proxi- 
mal ends of the leaf (i. e. towards the apex and base) 
than on either side ; and yet the tentacles on the sides 
stood as near to the gland where the bit of meat lay 
as did those at the two ends.. It thus appeared as 
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if the motor impulse ivas transmitted from the centre 
across the disc more readily in a longitudinal than 
in a transverse direction ; and as this appeared a 
now and interesting tact in the physiology of plants, 
thirty-live fresh experiments were made to test its 
truth. Jlinute bits of meat wore placed on a single 
gland or on a few glands, on the right or left side of 
tlio discs of eighteen leaves ; other bits of the same 
size being placed on the distal or proximal ends of 
seventeen other leaves. Now if the motor impulse 
were transmitted with equal force or at an equal rate 
tlirough the blade [ix all directions, a bit of meat 
placed at one side or at one end of the disc ought to 
affect equally all the tentacles situated at an equal 
distance from it; but this certainly is not the case. 
Before giving the general results, it may be well to 
describe three or four rather unusual cases. 


(1) A minute fragment of a Hy was placed on one side of the 
disc, and after 32 m.^6cyen of tbe outer tentacles near the frag- 
ment were inflected ; after 10 hrs. several more became so, and 
after 23 hrs. a still greater number ; and now the blade of the 
leaf on this side was bent inwards so as to stand up at right 
angles to the other side. Neither the blade of the leaf nor a 
single tentacle on the opposite side was affected; the line of 
separation between the two lialves extending from the footstalk 
to the apex. The leaf remained in this state for three days, 
and on the fourth day began to re-oxpand; not a single ten- 
tacle having been inflected on the opposite side. 

(2) 1 will here give a case not included in the above thirty- 
five experiments. A small fly was found adhering by its feet to 
the loft side of the disc. The tentacles on this side soon closed 
in and killed the fly ; and^owing probably to its struggle whilst 
alive, the leaf was so much excited that in about 24 hrs. all the 
tentacles on the opposite side became inflected; but as they 
found no prey, for their glands did not roach the fly, they re- 
expanded in the course of 15 hrs. ; the tentacles on the left side 
remaining clasped for several days. 

(8) A bit of meat, rather larger than those commonly used, 
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was placed in a medial lino at the basal end of the disc, near 
the footstalk; after 2 hrs. SO m. some neighbouring tentacles 
were inflectod ; after 6 hrs. the tentacles on both sides of the 
footstalk, and some way up lx>th sides, were moderately in- 
flected; after 8 hrs. the tentacles at tho further or distal end 
were more inflected than those oh cither side; after 23 hrs. 
the meat was well clasped by all the tentacles, excepting by tho 
exterior ones on the two sides. 

(4) Another bit of meat was placed at the opposite or distal 
end of another leaf, with exactly the same relative results. 

(5) A minute bit of meat was placed on ono side of tlie disc ; 
next day the neighbouring short tentacles were inflected, as 
well as in a slight deg^el^ three or four on the opposite side 
near the footstalk. On the second day theso latter tentacles 
showed signs of re-expanding, so I added a fresh bit of meat 
at nearly the same spot, and after two days some of tho short 
tentacles on the opposite side of the disc Wei'S inflected. As 
soon as these began to re-exi>and, I added another bit of meat, 
and next day all the tentacles on the opposite side of tho disc 
were inflected towards the meat; whereas wo have seen that 
those on the same side were affected by the first bit of meat 
which was given. 


Now for the general results. Of the eighteen leaves 
on which bits of meat wore placed on the right 
or left sides of the disc, eight had a vast nuinbfjr of 
tentacles inflected on the same side, and in four of 
them the blade itself on this side was likewise in- 
flected; whereas not a single tentacle nor the blade 
was affected on the opposite side. These leaves pre- 
sented a very curious appearance, as if only the in- 
flected side was active, and the other paralysed. In the 
remaining ten cases, a few tentacles became inflected 
beyond the medial line, on the side opposite to that 
where the meat lay ; but, in some of these cases, only 
at the proximal or distal ends of the leaves. The 
inflection on the opposite side always occurred ccjn- 
siderably after that on the same side, and in one in- 
stance not until the fourth day. Wo have also seen 
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with No. 5 that bits of meat had to be added thrice 
before all the short tentacles on the opjiosite side of 
the disc were inflected. 

The result was widely different when bits of moat 
were placed in a medial line at the distal or proximal 
ends of the disc. In three of the seventeen experi- 
ments thus made, owing either to the state of the leaf 
or to the smallness of the bit of meat, only the im- 
mediately adjoining tentacles were affected ; but in the 
other fourteen cases the tentacles at the opposite end 
of the leaf were inflected, though these were as distant 
from where the meat lay as were those on one side of 
the disc from the meat on the opposite side. In some 
of tlie present (3as(3S the tentacles on the sides were not 
at all affected, or in a less degree, or after a longer 
intcrtal of time, than those at the opposite end. One 
sot of experiments is worth giving in fuller detail. 
Cubes of meat, not quite so small as those usually em- 
ployed, wore placed on one side of the discs of four 
leaves, and cubes of tlie same size at the proximal 
or distal end of four other leaves. Now, when these 
two sots of leaves were compared after an interval of 
24 hrs., they presented a striking difference. Those 
having the cubes on one side were very slightly 
affected on the o])posite side ; whereas those with the 
(mbes at either end had almost bvery tentacle at the 
opposite end, even the marginal ones, closely in- 
flected. After 48 hrs. the contrast in the state of the 
two sets was still great ; yet those with the meat on 
one side now had their discal and submarginal ten- 
tacles on the opposite side somewhat inflected, this 
being due to the large size of the cubes. Finally we 
may conclude from these thirty-five experiments, not 
to mention the six or seven previous ones, that the 
motor impulse is transmitted from any single gland 
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or small group of glands through the' blade to the 
other tentacles more readily and effectually in a 
longitudinnl than in a transverse direction. 

As long as the glands remain excited, and this may 
last for many days, even for eleven, as when in contact 
with phos 2 )hata of lime, they continue to traiismit a 
motor impulse to the basal and b(^ndiiig parts of their 
own pedi(^ol8, for otherwise they w'ould re-expand. The 
great difference in the length of time during whicli 
tentacles remain inflected over inorganic objects, and 
over objects of the same size conttiining soluble nitro- 
genous matter, proves the same fact. But the intensity 
of the impulse transmitted from an excited gland, 
which has begun to pour forth its acid secretion and 
is at the same time absorbing, seems to be very small 
compared with that which it transmits when lirst ex- 
cited. Thus, when moderately large bits of meat were 
placed on one side of the disc, and the discal and sub- 
marginal tentacles 6n the opposite side became in- 
flected, so that their glands at last touched the meat 
and absorbed matter from it, they did not transmit 
any motor influence to the exterior rows of tentacles 
on the same side, for these never became inflected. 
If, however, meat had been placed on the glands of 
these same tentacles before they had begun to secrete 
copiously and to absorb, they undoubtedly would have 
affected the exterior rows. Nevertheless, when I gave 
some phosphate of lime, which is a most powerful 
stimulant, to several submarginal tentacles already 
considerably inflected, but not yet in contact with 
some phosphate previously placed on two glands in the 
centre of the disc, the exterior tentacles on the same 
side were acted on. 

When a gland is first excited, the motor impulse is 
discharged within a few seconds, as we know from the 



Obap.x. transmission of motor impulse. 241 

bending of the tentacle; and it appears to be dis- 
charged at first with much greater force than after- 
wards. Thus, in the case above given of a small fly 
naturally caught by a few glands on one side of a leaf, 
an impulse was slowly transmitted from them across ' 
'the whole breadth of the leaf, causing the oppositf; 
tentacles to be temporarily inflected, but the glands 
which remained in contact with the insect, though 
they continued for several days to send an impulse 
down their own pedicels to the bending place, did 
not prevent the tentacles on the opposite side from 
quickly re-expinding ; so that the motor discharge 
must at first have been more powerful than afterwards. 

When an objecjt of any kind is placed on the disc, 
and the surrounding tentacles are inflected, Jiheir 
glands secrete more copiously and the secretion 
becomes acid, so that some influence is sent t<» 
them from the discal glands. This change in the 
nature and amount of the secretion cannot depend 
on the bending of the tentacles, as the glands of the 
short central tentacles secrete jicid when an object is 
placed on them, though they do not themselves bend. 
Therefore I inferred that the glands of the disc sent 
some influence up the surrounding tentacles to their 
glands, and that these reflected bac.k a motor impulse 
to their basal parts; but this view was soon proved 
erroneous. It was found by many trials that tentacles 
with their glands closely cut off by sharp scissors 
often become inflected and again re-expand, still 
appearing healthy. One which was observed con- 
tinued healthy for ten daya after the operation. 1 
therefore cut the glands off twenty-five teiitjicles, 
at different times and on different leaves, and seven- 
teen of these soon became inflected,, and afterwards 
re-expanded. The rc-expansion commenced in about 
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8 hrs. or 9 hrs., and was completed in from 22 hrs. to 
30 hrs. from tho time of inflection. After on interval 
of a day or two, raw meat TOth saliva was placed on the 
fliscs of these seventeen leaves, and when observed 
next day, seven of the headless tentacles were inflected 
over the meat as closely as the uninjured ones on’ 
the same leaves; and an eighth headless tentacle 
became inflected after three additional days. The 
meat was removed from one of these leaves, and the 
surface washed with a little stream of water, and after 
three days the headless tentacle re-expanded for tho 
second time. These tentacles without glands were, how- 
ever, in a different state from those' provided with glands 
and which had absorbed matter from the meat, for the 
protoplasm within the cells of the fonner liad under- 
gone far less aggregation. From these experiments 
with headless tentacles it is certain that the glands 
do not, as far as the motor impulse is concerned, act in 
a reflex manner like the nerve-ganglia of animals. 

But there is another action, namely that of aggrega- 
tion, which in certain cases may be called reflex, and 
it .is the only known instance in the vegetable king- 
dom. We should bear in mind that the process does 
not depend on the previous bending of the tentacles, 
as w'e clearly sec when leaves are immersed in certain 
strong solutions. Nor does it defend on increased 
secretion from the glands, and this is shown by several 
tacts, more especially by the papillae, which do not 
secrete, yet undergoing aggregation, if given carbonate 
of ammonia or an infusion of raw meat. When a gland 
is directly stimulated in any way, as by the pressure of 
a minute particle of glass, the protoplasm within the 
cells of the gland first becomes aggregated, then that 
in the cells immediately beneath the gland, gnd so 
lower and lower down the tentacles to iheir bases ; — 
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that is, if the stimulus has been sufficient and not 
injurious. Now, when the glands of the disc are 
excited, the exterior tentacles are affected in exactly 
the same manner : the aggregation always com- 
mences in their glands, though these have not been 
directly excited, but have only received some influ- 
eiioe from the disc, as shown by their increased acid 
secretion. The protoplasm within the cells immedi- 
ately beneath the glands are next affected, and so 
downwards from cell to cell to the bases of the 
tentacles. This process apparently deserves to be 
called a reflex action, in the same manner as when a 
sensory nerve is irritated, and carries an impression 
^to a ganglion which sends back some influence to a 
muscle or gland, causing movement or increased 
secretion ; but the action in the two cases is probably 
of a widely different nature. After the protoplasm in a 
tentacle has been aggregated, its redissolution always 
begins in the lower ])art, and slowly travels up the 
pedicel to the gland, so that the protoplasm last 
aggregated is first redissolved. This probably depends 
merely on the protoplasm being less and less aggre- 
gated, lower and lower down in the tentacles, as can 
be seen plainly when the excitement has been slight. 
As soon, therefore, as the aggregating action altogether 
ceases, redissolutiou naturally (^mmences in the less 
strongly aggregated matter in the lowest part of the 
tentacle, and is there first completed. 

Direetion of the Inflected Tentacles . — When a particle 
of any kind is placed on the gland of one of the outer 
tentacles, this invariably moves towards the centre of 
the leaf ; and so it is with all the tentacles of a leaf 
immersed in any exciting fluid. The glands of the 
exterior tentacles then form a ring round the middle 
part of the disc, as shown in a previous figure (fig. 4, 
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p. 10). The short tentacles within this ring still 
retain their vertical position^ as they likewise do when 
a large object is placed on their glands, or when an 
insect is caught by them. In this latter case we can 
see that the inflection of the short central tentacles 
would he useless, as their glands are already in con- 
tact with their prey. • 

The result is very different when a single gland on 
one side of the disc is excited, or a few in a group, 



Fio. 10. 


(DroJiera retundi/olia.) 9 
TiOiif (enlarged) with the tentaclefl inffectod 
over a hit of meat placed on one side of 
tlic dlac. 


These send an impulse to 
the surrounding tentacles, 
which do not now bend 
towards the centre of the 
leaf, but to the point, 
of excitement. We owe 
this capital observation to 
Nitschke,* and since read- 
ing his pa|)er a few years 
ago, I have repeatedly 
verified it. If a minute bit 
of meat be placed by the 
aid of a needle on a single 
gland, or on three or four 
together, halfway between 
the centre and the circum- 
ference of the disc, the 
directed movement of the 
surrounding tentacles is 
well exhibited. An accu- 


rate drawing of a leaf with meat in this ]X)sition is 
* here reproduced (fig. 10), and we see the tentacles, in- 
cluding some of the exterior ones, accurately directed 
to the point where the meat lay. But a much bettor 


♦ ‘Bot. Zoitung,* 18C0, p. 240. 
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plan is to place a particle of the phosphate of lime 
moistened with saliva on a single gland on one side 
of the disc of a large leaf, and another particle on a 
single gland on the opposite side. In four such 
trials the excitement was not sufficient to affect the 
outer tentacles, but all those near the two points 
were directed to them, so that two wheels were formed 
on the disc of the same leaf; the pedicels of the 
tentacles forming the spokes, and the glands united 
in a mass over the phosphate representing the axles. 
The precision with which each tentacle pointed to 
the particle was wonderful ; so that in some cases I 
could detect no deviation from perfect accuracy. 
Thus,«although tlie short tentacles in the middle of 
the disc do not bend when their glands are excited 
in a direct manner, yet if they receive a motor impulse 
from a point on one side, they direct themselves to the 
point equally well with the tentacles on the borders of 
the disc. 

In these experiments, some of the short tentacles on 
the dis(?, which would have been directed to tfie centre, 
had the leaf been immersed in an exciting fluid, w^ere 
now inflected in an exactly opposite direction, viz. 
towards the circumference. These tentacles, therefore, 
had deviated as much as 180° from the direction which 
they would have assumed if t|jeir own glands had 
been stimulated, and which may be considered as the 
normal one. Between this, the greatest possible and no 
deviation from the nonnal direction, every degree could 
bo observed in the tentacles on these several leaves. 
Notwithstanding the precision with which the tentacles 
generally were directed, those near the circumference 
of one leaf were not accurately directed towards some 
phosphate of lime at a rather distant point on the 
opposite side of the disc. It appeared as if the motor 
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impulse in passing transversely across nearly the 
whole width of the disc had departed somewhat from 
a true course. This accords with what w^e have 
already seen of the impulse travelling less readily in 
a transverse than in a longitudinal direction. In 
some other cases, the exterior tentacles did not seem 
. capable of such accurate movement as the shorter 
and more central ones. 

Nothing could bo more striking than the appear- 
ance of the above four leaves, each with tlieir ten- 
tacles pointing truly to the two little mtisses of the 
phosphate on their discs. We might imagine tliat we 
were looking at a lowly organised animal seizing prey 
with its arms. In the case of Drosera the explanation 
of this accurate power of movement, no doubt, lies in 
the motor impulse radiating in all directions, and 
whichever side of a tentacle it first strikes, that side 
contracts, and the tentacle consequently bends towards 
the point of excitement. The pedicels of the tentacles 
are flattened, or elliptic in section. » Near the bases of 
the shorf central tentacles, the flattened or broad face 
is formed of about live longitudinal rows of cells ; in 
the outer tentacles of the disc it consists of al)out six 
or seven rows ; and in the extreme marginal tentacles 
of above a dozen rows. As the flattened bases are 
thus formed of only a few rows of cells, the precision 
of the movements of the tentacles is the more remark- 
able ; for when the motor impulse strikes the base of 
a tentacle in a very oblique direction relatively to its 
broad face, scarcely more than one or two cells towards 
one end can be affected at first, and the contraction 
of - these cells must draw the whole tentacle into the 
proper direction. It is, perhaps, owing to the exterior 
pedicels being much flattened that they do not bend 
quite so accurately to the point of excitement as the 
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more central ones. The properly directed movement 
of th(3 tentacles is not an unique case in the vegetable 
kingdom, for the tendrils of many plants curve to- 
wards the side which is touched; but the case of 
Drosera is far more interesting, as here the tentacles 
are not directly excited, but receive an impulse from 
a distant point; nevertheless, they bend accurately 
towards this point. 

On the Nature of tlie Tismee through which the Motor 


Impulse is Transmitted.- 
to describe briefly the 
course of the main fibro- 
vascular bundles. These 
are shown in the accom- 
panying sketch (fig. 11) 
of a small leaf. Little 
vessels from the neigh- 
bouring bundles enter 
all the many tentacles 
with which the surface 
is studded ; but these 
are not here represented. 
The ccntial trunk, which 
runs up the footstalk, 
bifurcates near the centre 
of the leaf, each branch 
bifurcating again and 
again according to the 
size of the leaf. This 


-It will be necessary first 



Fig. 11. 

(Drotera rotundifeilia.) 

Diagram showing the diatribution of the 
vascular tissue in a small leaf. 


central trunk sends off, low down on each side, a 
delicate branch, which may be called the sublateral 
branch. There is also, on each side, a main lateral 
branch or bundle, which bifurcates in the same 


manner as the others. Bifurcation does not imply 
that any single vessel divides, but that a bundle 
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divides into two. By looking to either side of the 
leaf, it will be seen that a branch from the great 
central bifurcation inosculates with a branch from the 
lateral bundle, and that there is a smaller inoscu- 
lation between the two chief branches of the lateral 
bundle. The coume of the vessels is very complex 
at the larger inosculation; and here vessels, retain- 
ing the same diameter, are often formed by the 
union of the bluntly pointed ends of two vessels, 
but whether these points open into each other by 
their attached surfaces, I do not know. By means 
of the two inosculations nil the vessels on the 
same side of the leaf are brought into some sort of 
(^mnection. Near the circumference of the .larger 
leaves the bifurcating branches also come into close 
union, and then sojiarate again, forming a continuous 
zigzag line of vessels round the w^iole circumference. 
But the union of the vessels in this zigzag line seems 
to be much less intimate than at the main inoscula- 
tion. It should be added that the course of the 
vessels differs somewhat in different leaves, and even 
on opposite sides of the same leaf, but the main 
inosculation is always present. 

Now in my first experiments with bits of meat 
placed on one side of the disc, it so happened that not 
a single tentacle was inflected on the opposite side ; 
and when I saw that the vessels on the same side were 
all connected together by the two inosculations, whilst 
not a vessel passed over to the opposite side, it seemed 
probable that the motor , impulse was conducted ex- 
clusively along them. 

In order to test this view, I divided transversely 
with the point of a lancet the central trunks of four 
leaves, just beneath the main bifurcation; and two 
days afterwards placed rather large bits of raw meat 
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(a most powerful stimulant) near the centre of the 
disc above the incision — ^that is, a little towards the 
apex — with the following results : — 

(1) This leaf proved rather torpid : after 4 hrs. 40 m. (in all 
COSOS reckoning from the time when the meat was given) the 
tentacles at the distal end were a little inflected, but nowhere 
else ; they remained so for three days, and re-expandc<l on the 
fourth liny. The leaf was then dissected, and the trunk, as well 
as the two snblateral branches, were found divided. 

(2) After 4 hrs. 30 m. many of the tentacles at the distal end 
were well inflected. Next day the blade and all the tentacles at 
this end were strongly inflected, and w'ere separated by a dis- 
tinct transverse lino from the basal half of the leaf, which' was 
not in tlio least affected. On the third day, however, some of 
the short tentacles on the disc near the base were very slightly 
inilected. The incision was found on dissection to extend across 
the leaf as in the last case. 

(3) After 4 hrs. 30 m. strong inflection of the tentacles at 
the distal end, which during the next two days never extended 
in the least to the basal end. The incision as before. 

(4) This leaf was not observed until 15 hrs. had elapsed, and 
then all the fSantacles, except the extiume marginal ones, were 
found equally well inflected oil round the leaf. On careful 
excamination the spiral vessels of the central trunk were cer- 
tainly divided; but the incision on one side hod not passed 
through the flbrous tissue surrounding these vessels, though it 
had |>assod through the tissue on the other side.* 

The appearance presented by the leaves (2) and (3) 
was very curious, and might be aptly compared with 
that of a man with his backboAe broken and lower ex- 
tremities paralysed. Excepting that the line between * 
the two halves was here transverse instead of longitu- 
dinal, these leaves were in the same state as some of 
those in the former experiments, with bits of meat 
placed on one side of the disc. The case of leaf (4) 

* M. Ziegler mode similar cx- pComptes rendu8,*]874, p. 1417), 
porimonts by cutting the spiral but arrived at conclusians widely 
vessels of Dr<mra intermedia different from mine. 
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proves that the spiral vessels of the central trunk may 
be divided, and yet the motor impulse be transmitted 
from the distal to the basal end ; and this, led me a t 
first to suppose that the motor force \Yiis sent throup^ h 
the closely surroundinp fibrous tissues and that if one 
half of this tissue was left undivided, it sufficed for 
complete transmission. But op})osed to this conclusion 
is the fact that no vessels pass directly from one side 
of the leaf to the other, and yet, as we have seen, if 
a rather large bit of meat is placed on one side, the 
. motor impulse is sent, though slowly and im2)erfectly, 
in a transverse direction across the wliole breadth of 
the leaf. Nor can this latter fact be accounted for 
by supj)osing that the transmission is effected through 
the two inosculations, or through the circumferential 
zigzag line of union, for had this been the case, the 
exterior tentacles on the opposite side of the disc 
would have been affected before the more central ones, 
which never occurred. We have also seen that the 
extreme marginal tentacles appear to have no power 
to transmit an impulse to the adjoining tentacles ; yet 
the little bundle of vessels which enters each marginal 
tentacle sends off a minute branch to those on both 
sides, and this I have not observed in any other ten- 
tacles; so that the marginal ones are more closely 
connected together bjr spiral vessels than are the 
^others, and yet have much less power of communi- 
cating a motor impulse to one another. 

But besides these several facts and arguments we 
have conclusive evidence that the motor impulse is 
not sent, at least exclusively, through the spiral 
vessels, or through the tissue immediately surrounding 
them. We know that if a bit of meat is placed on a 
gland (the immediately adjoining ones having been 
removed) on any part of the disc, all the short sur- 
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rounding tentacles bend almost simultaneously with 
great precision towards it. Now there are tentacles 
on the disc, for instance near the extremities of the 
sublateral bundles (tig. 11), which are supplied with 
vessels that do not come into contact with the branches 
that enter the surrounding tentacles, except by a very 
long and extremely circuitous course. Nevertheless, 
if a bit of meat is placed on the gland of a tentacle 
of this kind, all the surrounding ones are inflected 
towards it with great precision. It is, of course, pos- 
sible that an impulse might be sent through a long 
and circuitous course, but it is obviously impossible 
that the direction df the movement could be thus 
communicated, so that all the surrounding tentacles 
should bend precisely to the i)oint of excitement. The 
impulse no doubt is transmitted in straight radiating 
lines from the excited gland to the surrounding ten- 
tacles; it cannot, therefore, bo sent along the flbro- 
vascular bundles. The effect of cutting the central 
vessels, in the above cases, in preventing the transmis- 
sion of the motor impulse from the distal to the basal 
end of a leaf, may be attributed to a considerable space 
of the cellular tissue having been divided. We shall 
hereafter see, when we treat of Dioncea, that this same 
conclusion, namely that the motor impulse is not 
transmitted by the fibro-vascular bundles, is plainly 
confirmed ; and Professor Cohn has come to the same 
conclusion with respect to Aldrovanda — both members 
of the Droseracem. 

As the motor impulse is not transmitted along the 
vessels, there remains for its passage only the cellular 
tissue ; and the structure of this tissue explains to a 
certain extent how it travels so quickly down the long 
exterior tentacles, and much more slowly across the 
blade of the leaf. We shall also see why it crosses 
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tlio blade more quickly in a longitudinal than in a 
transverse direction ; though with time it can pass in 
any direction. Wo know that the same stimulus 
causes movement of the tentacles and aggregation of 
the protoplasm, and that both influences originate in 
and proceed from the glands within the same brief 
space of time. It seems therefore probable that the 
motor impulse consists of the first commencement of 
a molecular change in the protoplasm, wliich, when 
well developed, is plainly visible, and has been desig- 
nated aggregation ; but to this subject I shall return. 
We further know that in the transmission of the aggre- 
gating process the chief delay is Caused by the passage 
of the transverse cell-walls; for as tlie aggregation 
travels down the tentacles, the contents of each suc- 
cessive cell seem almost to flash into a cloudy mass. 
We may therefore infer that the motor impulse is in 
like manner delayed chiefly by passing througli the 
cell-walls. 

The greater celerity with which the imj^ulse is 
transmitted down the long exterior tentacles than 
across the disc may be largely attributed to its being 
closely confined within the narrow pedicel, instead 
of radiating forth on all sides as on the disc. But 
besides this confinement, the exterior cells of the ten- 
tacles are fully twice as long as those of the disc ; so 
that only half the number of transverse partitions 
have to be traversed in a given length of a tentacle, 
compared with an equal space on the disc ; and there 
would be in the same proportion less retardation of the 
impulse. Moreover, in sections of the exterior ten- 
tacles given by Dr. Warming,* the parenchymatous 

* < Videnskabelige Hoddelelsor de la Soo. d’Hist. nat. do Oopen- 
haguo,* Nos. 10-12, 1872, woodcuts iv. and v. . 
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cells are shown to bo still more elongated ; and these 
would form the most direct line of communication from 
the gland to the bending place of the tentacle. If the 
impulse travels down the exterior cells, it would have 
to cross from between twenty to thirty transverse par- 
titions ; but rather fewer if down the inner parenchy- 
matous tissue. In either case it is remarkable that 
the impulse is able to pass through so many par- 
titions down nearly the whole length of the pedicel, 
and to act on the bending place, in ten seconds. Why 
the impulse, after having passed so quickly down one 
of the extreme marginal tentacles (about of an 
inch in length), should never, as far as I have seen, 
affect the adjoining tentacles, I do not understand. 
It may be in part accoimted for by much energy 
being expended in the rapidity of the transmission. 

Most of the cells of the disc, both the superficial 
ones and the larger colls which form the five or six 
underlying layers, are about four times as long as 
broad. They are arranged almost longitudinally, 
radiating from the footstalk. The motor impulse, 
therefore, when transmitted across the disc, has to 
cross nearly four times as many cell-walls as when 
transmitted in a longitudinal direction, and would 
consequently be much delayed in the former case. 
The cells of the disc converge towards the bases of 
the tentacles, and are thus fitted to convey the motor 
impulse to them from all sides. On the whole, the 
arrangement and ^ape of the cells, both those of the 
disc and tentacles, throw much light on the rate and 
manner of diffusion of the motor impulse. But why 
the impulse proceeding from the glands of the ex- 
terior rows of tentacles tends travel laterally and 
towards the centre of the leaf, but not centrifugally, is 
by no means clear. 
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Mechanism of the Movements^ and Nature of the 
Motor Impulse , — Whatever may be the means of 
movement, the exterior tentacles, considering their 
delicacy, are inflected with much force. A bristle, 
held so that a. length of 1 inch projected from a 
handle, yielded when I tried to lift with it an in- 
flected tentacle, which was somewhat thinner than the 
bristle. The amount or extent, also, of the movement 
is great. Fully expanded tentacles in becoming in- 
flected sweep through an angle of 180°; and if they 
are beforehand reflexed, as often occurs, the angle is 
considerably greater. It is probably the superficial 
cells at the bending place which 'chiefly or exclusively 
contract; for the interior cells have very delicate 
walls, and are so few in number that they could hardly 
cause a tentacle to bend with precision to a definite 
point. Though I ‘carefully looked, I could never 
detect any wrinkling of the surface at the bending 
place, even in the case of a tentacle abnormally 
curved into a complete circle, under circumstances 
hereafter to be mentionc<l. 

All the cells are not acted on, though the motor 
impulse piisses through them. When the gland of 
one of the long exterior tentacles is excited, the 
upper cells are not in the least affected ; about half- 
way down there is a slight bending, but the chief 
movement is confined to a short space near the base ; 
and no jiart of the inner tentacles bends except the 
basal portion. Witli respect to the blade of the leaf, 
the motor impulse may be transmitted through many 
cells, from the centre to the circumference, without 
their being in the least affected, or they may be 
strongly acted on and* the blade greatly inflected. 
In the latter case the movement seems to depend 
partly on the strength of the stimulus, and partly on 
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its nature, as when leaves arc immersed in certain 
fluids. 

The power of movement which various plants possess, 
when irritated, has been attributed by high authorities 
to the rapid passage of fluid out of certfidn cells, which, 
from their previous sbite of tension, immediately con- 
tract.* Whether or not this is the primary cause of 
such movements, fluid must pass out of closed cells 
when they contract or are 2 )ressed togetlicr in one 
direction, unless they at the same time expand in 
some otlicr direction. For insbxnce, fluid can be seen 
to ooze from the surface of any young and vigorous 
shoot if slowly bent* into a semi-circle.t In the case 
of Drosera there is certainly much movement of the 
fluid throughout the tentacles whilst they are under- 
going inflection. Many leaves can be found in which 
the purple fluid within the cells is of an equally dark 
tint on the uiiper and lowor sides of the tentacles, 
extending also downwards on both sides to equally 
near their bases. If the tentacles of such a loaf are 
excited into movement, it will generally be found after 
some hours that the cells on the concave side are niuch 
l)aler than they were before, or are quite colourless, 
those on the convex side having become much darker. 
In two instances, after particles of hair had been placed 
on glands, and Avhen in the course of 1 hr. 10 m. the 
tentacles were incurved halfway towanls the centre 
of the leaf, this change of colour in the two sides w’as 
conspicuously plain. In another case, after a bit of 
meat had been placed on a gland, the purple colour 
w’as observed at intervals to be slowly travelling from 
the upper to the lower jmrt, down the convex side of 

* Sachs, ‘Traits de Boi’ 3rd Lamarck, 
edit. 1874, p. 10^. Tliis view t Sachs, ibid. p. 919. 
was, 1 believe, first suggested bjr 
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the bending tentacle. But it does not follow from 
these observations that the cells on the convex side 
become filled with more fluid during the act of in- 
flection than they contained before ; for fluid may all 
the time be passing into the disc or into the glands 
which then secrete freely. 

• The bonding of the tentacles, when loaves are im- 
mersed in a dense fluid, and their subsequent re- 
expansion in a less dense fluid, show that the passage 
of fluid from or into the cells can cause movements 
like the natural ones. But tlie inflection thus caused 
is often irregular ; the exterior tentacles being some- 
times spirally curved. Other unnatural movements 
are likewise caused by the application of dense fluids, 
as in the case of drops of syrup placed on the backs 
of leaves and tentacles. Such movements may bo 
compared with the (Contortions which many vegetable 
tissues undergo when subjected to exosmose. It is 
therefore doubtful whether they throw any light on 
the natural movements. 

If we admit that the outward passage of fluid is 
the*cause of the bending of the tentacles, we must 
suppose that the cells, before the act ’of inflection, 
are in a high state of tension, and that they are 
elastic to an extraordinary degree ; for othenvisc their 
contraction could not cause the tentacles often to 
sweep through an angle pf above 180®. Professor 
Cohn, in his interesting paper* on the movements 
of the stamens of certain Composite, states that these 
organs, when dead, are as elastic as threads of india- 
nibber, and are then only half as long as they were 
when alive. He believes that the living protoplasm 

* * Abhand. der Schles. Gesol]. in ^ven in the ‘ Annals and Mo^. 
fttr vaterl. Cultnr,* ISGl, Heft i. of Nat. Hist.* 3nl series, 1808, 
An exoeUent abstract of this paper vol. xi. pp. 188-197. 
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within their cells is ordinarily in a state of expansion, 
but is jmralyscd by irritation, or may be said to suffer 
tcm])orary death ; the elasticity of the cell-walls then 
cominpr into play, and causing the contraction of the 
stamcnis. Now the cells on the upper or concave side 
of the bendiug j)art of the tentacles of Drosera do not 
appear to be in a state of tension, nor to be highly 
elastic; for when a leaf is suddenly killed, or dies 
slowly, it is not the upper but the lower sides of the 
tentacles which contract from elasticity. We may,, 
therefore, conclude that their movements cannot be 
accounted for by the inherent elasticity of certain 
cells, opposed as long as they are alive and not irri- 
tated by the expanded state of their contents. 

A somewhat different view has been advanced by 
other physiologists — namely that the protoplasm, 
when irritated, contracts like the soft sarcode of 
the muscles of animals. In Drosera the fluid within 
tlic colls of the tentacles at the bending place appears 
iindc.r the microscope thin and homogeneous, and after 
aggregation consists of small, soft masses of matter, 
undergoing incessant changes of form and floating in 
almost colourless fluid. These masses are completely 
redissolved when the tentacles re-expand. Now it 
fteems scaniely possible that such matter shouhl have 
any direct mechanical power; but if through some 
molecular change it w(U’e to occupy less space than it 
did before, no doubt the cell-walls would close up and 
contract. But in this case it might be expected that 
the walls would exhibit wrinkles, and none could ov(‘r 
be seen. Moreover, the contents of all the cells seem 
to be of exactly the same nature, both before and after 
aggregation; and yet only a few of the basal cells 
contract, the rest bf the tentacle remaining straight. 

A third view maintained by some physiologists. 
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tkough rejected by most others, is that the whole cell, 
iacluding the walls, actively contracts. If the walls are 
composed solely of uou^uitrogenons cellulose, this view 
is highly im])robable ; but it can hardly be. doubted 
that they must be permeated by proteid matter, at 
least whilst they are growing. Nor docs there seem 
any inherent improbability in the cell-walls of Drosera 
contracting, considering their high state of organisa- 
tion ; as shown in the case of the ghmds by their j)ower 
of absorption and secretion, and by being exquisitely 
sensitive so as to be affected by the pressure of the 
most minute particles. The cell-walls of the pedicels 
also allow various impulses to ' pass through thepi, 
inducing movement, incr^sed secretion and aggrega- 
tion. On the whole the belief that the walls of certain 
cells contract, some of their contained fluid being at 
the same time forced outwards, perhaps accords best 
with the observed facts. If this view is rejected, the 
next most probable one is that the fluid contents of 
the cells shrink, owing to a change in their molecular 
state, with the consequent closing in of the walls. 
Anyhow, the moyement can hardly be attributed to 
the elasticity of the* walls, together with a previous 
state of tension. 

With respect to the nature of the motor impulse' 
which is transmitted from the glands down the pedi- 
cels and across the disc, it seems not improbable that 
it is closely allied to that influence which causes the 
protoplasm within the cells of the glands and ten- 
tacles to aggregate. We have seen that both forces 
originate in and proceed from the glands within a 
few seconds of the same time, and are excited by the 
same causes. The aggregation of the protoplasm lasts 
almost as long as the tentacles remain inflected, 
even though this be for more than a week; but the 
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protoplasm is redissolved at the bending place shortly 
before the tentacles re-cxpand, showing that the ex- 
citing cause of the aggregating process has then quite 
ceased. ^Exposure to carbonic acid causes both the 
latter process and the motor impulse to travel very 
slowly down the tentacles. We know that the aggre- 
gating process is delayed in passing through the cell- 
walls, and we have good reason to believe that this 
holds good with the motor impulse ; for we can thus 
understand the different rates of its transmission in a 
loiigifudinal and transverse line across the disc. Under 
a high power the first sign of aggregation is the ap- 
pearance of a cloud, and soon afterwards of extremely 
fine granules, ih the homogeneous purjde fluid within 
^ the cells ; and this apparently is due to the union of 
molecules of protoplasm. No^v it does not seem an 
improbable view that the same t^dency — ^namely for 
the molecules to approach each other-r^should be (nom- 
munieated to the inner surfaces of the cell-walls which 
are in contact with the protoplasm ; and if so, their 
molecules would approach each other, and the cell-wall 
would contract. 

To this view it may with truth be objected that 
when leaves are immersed in various strong solu- 
tions, or are subjected to a heat of above 130® 
Fahr. (54®'4 Cent), aggregation ensues, but there is 
no movement. Again, various acids and some other 
fluids cause rapid movement, but no aggregation, or 
only of an abnormal nature, or only after a long 
interval of time ; but as most of these fluids are more' 


or less injurious,, they may check or prevent the aggre- 
gating process by injuring or killing the protoplasm. 
There is another and more important difference in the 
two processes : when the glands on the disc are ex- 


ciicd, ♦Ir y tr.;nri:r.ii sonic hfliy ncc ny srrrcr.n 
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tentacles, which acts on the cells at the bending place, 
but does not induce aggregation until it has reached 
the glands; these then send back some other in- 
fluence, causing the protoplasm to aggregate, in 
the upper and then in the lower cells. 

The Re-expant^n of the Tentacles , — This movement is 
ahvays slow and gradual. When the centre of the 
leaf is excited, or a leaf is immersed in a proper solu- 
tion, all the tentacles bend directly towards the centre, 
and afterwards directly back from it. But when the 
point of excitement is on one side of the disc, the 
surrounding tentacles bend towards it, and therefore 
obliquely with respect to their normal direction ; when 
they afterwards re-expan^, they bend 6bliquely back, 
so as to recover their original positions. The ten- 
tacles farthest from an excited point, wherever that 
may be, are the last and the least aiTected, and probabl y 
in consequence of this they arc the first to re-expand. 
The bent portion of a closely inflected tentacle is in a 
state of active contrac!tion, as shown by the following 
experiment. Meat was placed on a leaf, and after the 
tentacles were closely inflected and had quite ceased to 
move, narrow strips of the disc, with a few of the outer 
tentacles attached to it, were cut off and laid on one 
side under the microscope. After several failures, 1 
succeeded in cutting off* the convex surface of the bent 
portion of a tentacle. Movement immediately recom- 
menced, and the already greatly bent portion went on 
bending until it formed a perfect circle ; the straight 
distal portion of the tentacle passing on one side of the 
strip. The convex surface must therefore have pre- 
viously been in a state of tension, sufficient to counter- 
1)alance that of the concave surface, which, when free, 
<*urled into a complete ring. 

The tentacles of an expanded and unexcited leaf 
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arc moderately rigid and elastic ; if bent by a needle, 
the upper end yields more easily than the basal and 
thicker part, which alone is capable of becoming in* 
dected. The rigidity of this basal part seems due to 
the tension of the outer surface balancing a state of 
active and persistent contraction of the cells of the 
inner surface. I believe that this is the case, because, 
when a leaf is dipped into boiling water, the tentacles 
suddenly become redexed, and this apparently indi- 
cates that the tension of the outer surface is mecha- 
nical, whilst that of the inner surface is vital, and is 
instantly destroyed by ‘the boiling water. We can 
thus also undcrstand’why the tentacles as they grow 
old and feeble slowly becoipe much redexed. If a 
leaf with its tentacles closely indected is dipped into 
boiling water, these rise up a little, but by no means 
fully re-expand. This may be ‘owing to the heat 
quickly destroying the tension and elasticity of the 
cells of the convex surface; but I can hardly believe 
that their tension, at any one time, would suffice to 
carry back the tentacles to their original position, 
often through an angle of above 180°. It is more 
probable that duid, which wo know travels along the 
tentacles during the act of indection, is slowly re- 
attracted into the cells of*the convex surface, their 
tension being thus gradually and continually in- 
creased. 

A recapitulation of the chief fimts and discuraions 
in this chapter will be given at the close of the next 
chapter. 
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CHAFrER XI. 

RECAFirrLATION OF TUB CHIEF OltSEBVATIONS ON 

Drosera rotundifolia. 

As summaries have been given to most of the 
chapters, it will be sufficient here to recapitulate, as 
briefly as I can, the chief points. In the iirst chapter 
a preliminary sketch was given of the stnicture of the 
leaves, and of the manner in which they capture 
insects. This is effected by drops of extremely viscid 
fluid surrounding the glands and by the inward 
movement of the tentacles. As the plants gain most 
of their nutriment by this means, their roots are very 
poorly developed; and they often grow in places 
where hardly any other plant except mosses can 
exist. The glands have the power of absorption, 
besides that of secretion. Thejj are extremely sen- 
sitive to various stimulants, namely repeated touches, 
the pressure of minute particles, the absorption of 
animal matter and of various fluids, heat, and gal- 
vanic action. A tentacle* with a bit of raw meat on 
the gland has been seen to begin bending in 10 s., 
to be strongly incurved in 5 m., and to reach the 
centre of the leaf in half an hour. The blade of the 
leaf often becomes so much inflected tliat it forms a 
cup, enclosing any object placed on it. 

A gland, when excited, not only sends some in- 
fluence down its own tentacle, causing it to bend, but 
likewise to the surrounding tentacles, which' become 
incurved ; so that the bending place can be acted on 
by an impulse received from opposite directions. 
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namely from the gland on the summit of the same 
tentacle, and from one or more glands of the neigh- 
bouring tentacles. Tentacles, when inflected, re-ex- 
paiul after a time, and during this process the glands 
secrete loss copiously, or become dry. As soon as 
they begin to secrete again, the tentacles are ready 
to re-act ; and this may be repeated at least three, 
probably many more times. 

It was shown in the second chapter that animal sub- 
stances placed on the discs cause much more prompt 
and energetic inflection than do inorganic bodies of 
the same size, or mere mecJianical irritation; but 
there is a still mord marked difference in the greater 
length of time during which the tentacles remain in- 
flected over bodies yielding soluble and nutritious 
matter, than over those which do not yield such 
matter. Extremely minute particles of glass, cinders, 
hair, thread, prccijiitated chalk, &c., when placed on 
the glands of the outer tentacles, cause them to bend. 
A particle, unless it sinks through the secretion and 
actually touches the surface of the gland with some 
one point, does not produce any effect. A little bit 
of thin human hair of an inch (*203 mm.) in 
length, and weighing only ^ grain (*000822 

mg.), though largely supported by the dense secre- 
tion, suffices to induce movement. It is not probable 
that the pressure in this case could have amounted 
to that from the millionth of a grain. Even smaller 
particles cause a slight movement, as could be seen 
through a lens. Larger particles than those of which 
the measurements have b^n given cause no sensation 
when placed on the tongue, one of the most sensitive 
parts of the human body. 

Movement ensues if a gland is momentarily touched 
three or four times ; but if touched only once or twice, 
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though with oonsiderablo force and with a hard object, 
the tenta(?lc does not bond. The plant is thus saved 
from much useless movement, as during a high wind 
the glands can hardly escape being occasionally 
brushed by the leaves of surrounding phuits. Though 
insensible to a single touch, they are exquisitely sensi- 
tive, as just stated, to the slightest pressure if pro- 
longed for a few seconds ; and this eajxicity is mani- 
festly of service to the plant in capturing small 
insects. Even gnats, if they rest on the glands with 
their delicate feet, are quickly and securely embraced. 
The glands are insensible to the weight and repeated 
blows of drops of heavy rain, and the plants are thus 
likewise saved from much useless movement. 

The description of the movements of the tentacles 
was interrupted in iihe third chapter for the sake of 
describing the process of aggregation. This process 
always commences in the cells of the glands, the con- 
tents of which first become cloudy ; and this has 
been observed within 10 s. after a gland has been 
excited. Granules just resolvable under a very high 
power soon ap{>car, sometimes within a minute, in the 
cells beneath the glands ; and these then aggregate 
into minute spheres. The process afterwards travels 
down the tentacles, being arrested for a short time at 
each transverse partition. The small spheres coalesce 
into larger spheres, or into oval, club-headed, thread- 
er necklace-like, or otherwise shaped masses of proto- 
plasm, which, suspended in almost colourless fluid, 
exhibit incessant spontaneous changes of form. These 
frequently coalesce and again separate. If a gland 
has been powerfully excited, all the cells down to the 
base of the tentacle are aflected. In cells, especially 
if filled with dark red fluid, the first step in the 
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process often is the formation of a dark red, bag- 
like mass of protoplasm, which afterwards divides 
and undergoes the usual repeated changes of form. 
Before any aggregation has been excited, a sheet of 
(Colourless protoplasm, including granules (the prim- 
ordial utricle of Mohl), flows round the walls of the 
c(dls; and this becomes more distinct after the con- 
tents have been partially aggregated into spheres 
or bag-like masses. But after a time the granules 
are drawn towards the central masses and unite with 
them ; and then the circulating sheet can no* longer 
be distinguished, but there is still a current of trans- 
parent fluid within the cells. 

Aggregation is excited by almost all the stimulants 
which induce movement; such as the glands being 
touched two or three times, the pressure of minute 
inorganic particles, the absorptisn of various fluids, 
even long immersion in distilled water, exosmose, and 
heat. Of the many stimulants tried, carbonate of 
ammonia is the most energetic and acts the quickest : 
a dose of tt i '4 oii* a grain (’00048 mg.) given to 
a single gland suffices to cause in one hour well- 
marked aggregation in the upper cells of the tentacle. 
The process goes on only as long as the protoph^sm 
is in a living, vigorous, and oxygenated condition. 

The result is in all respects exactly the same, 
whether a gland haCS been excited directly, or has 
received an influence from other and distant glands. 
But there is one important diflerence : when the 
central glands arc irritated, they transmit centri- 
fugally an influence up the pedicels of the exterior 
tentacles to their glands; but the actual process of 
aggregation travels centripetally, from the glands of 
the exterior tentacles* down their pedicels. The ex- 
citing influence, therefore, which is transmitted from 
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one part of the leaf to another must be different 
from that which actually induces aggregation. The 
process does not depend on the glands secreting 
more copiously than they did before ; and is inde- 
pendent of the inflection of the tentacles. It con- 
tinues as long as the tentacles remain inflected, and as 
soon as these are fully re-expanded, the little masses 
of protoplasm are all redissolved ; the cells becoming 
filled with homogeneous purple fluid, as they were 
before the leaf was excited. 

As the process of aggregation can be excited by a 
few touches, or by the pressure of insoluble particles, 
it is evidently independent of the absorption of any 
matter, and must be of a molecular nature. Even when 
caused by the absorption of the carbonate or other 
salt of ammonia, or an infusion of meat, the process 
seems to be of exactly the same nature. The proto- 
plasmic fluid must, therefore, be in a singularly un- 
stable condition, to be acted on by such slight and 
varied causes. Physiologists believe that when a 
nerve is touched, and it transmits an influence to other 
parts of the nervous ’ system, a molecular change is 
induced in it, though not visible to us. Therefore it 
is a very interesting spectacle to watch the effects on 
the cells of a gland, of the pressure of a bit of hair, 
weighing only of a grain and largely supported 

by the dense secretion, for this excessively slight 
pressure soon causes a visible change ia the proto- 
plasm, which change is transmitted down the whole 
length of the tentacle, giving it at last a mottled 
appearance, distinguishable even by the naked eye. 

In the fourth chapter it was shown that leaves 
placed for a short time in water at a temperature of 
110® Fahr. (43®*3 Cent.) becdnft somewhat inflected ; 
they are thus also rendered more sensitive to the action 
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of meat than they were before. If exposed to a tem- 
perature of between 115° and 125° (46°*1 — 51°“6 Cent.), 
they are quickly inflected, and their protoplasm under- 
goes aggregation; when aftenvards placed in cold water, 
they re-expand. Exposed to 130° (54°*4 Cent.), no in- 
flection immediately occurs, but the leaves are only 
temporarily paralysed, for on being left in cold water, 
they often liccome inflected and afterwards re-expand. 
In one loaf thus treated, I distinctly saw the protoplasm 
in movement. In other leaves, treated in the same 
manner, and then immersed in a solution of carbonate 
of ammonia, strong aggregation ensued. Leaves placed 
in coM water, after an exposure to so high a tem- 
perature as 145° (62°*7 Cent.), sometimes become 
slightly, though slowly, inflected ; and afterwards have 
the contents of their cells strongly aggregated by car- 
bonate of ammonia. But the duration of the immer- 
sion is an important element, for if left in water at 
145° (62°-7 Cent.), or only at 140° (60° Cent.), until it 
becomes cool, theyi are killed, and the contents of the 
glands are rendered white and opaque. This latter 
result seems to be due to the coagulation of the albu- 
men, and was almost always caused by even a short 
exposure to 150° (65°’5 Cent) ; but different leaves, and 
even the separate cells in the same tentacle, differ con- 
siderably in their power of resisting heat Unless the 
heat has been suflicient to coagulate the albumen, car- 
bonate of ammonia subsequently induces aggregation. 

In the fifth chapter, the results of placing drops of 
various nitrogenous and non-nitrogenous organic fluids 
on the discs of leaves were given, and it was shown 
that they detect with almost unerring certainty the 
presence of nitrogen. A decoction of green peas or 
of fresh cabbkge-leavlra%cts almost as powerfully as an 
infusion of raw meat ; whereas an infusion of cabbage- 



2C8 


DROSEBA BOTUNDIFOLIA. 


Chap. XI. 


leaves made by keeping them for a long time in 
merely warm water is far less efficient. A decoction 
of grass-leaves is less powerful than one of green peas 
or cablmge-leaves. 

These results led me to inquire whether Drosera 
possessed the power of dissolving solid animal matter. 
The experiments proving that the leaves are capable 
of true digestion, and that the glands absorb the di- 
gested matter, are given in detail in tlie sixth chapter. 
These are, perhaps, the most interesting of all my 
observations on Drosera, as, no such power was before 
distinctly known to exist in the vegetable kingdom. 
It is likewise an interesting fact that the glands of the 
disc, when irritated, should transmit some influence 
to the glands of the exterior tentacles, causing them 
to secrete more ^copiously and the secretion to be- 
come acid, as if they had been directly excited by 
an object placed on them. The gastric juice of ani- 
mals contains, as is well known, an acid and a fer- 
ment, both of which are indispensable for digestion, 
and so it is with the secretion of Drosera. When the 
stomach of an animal is mechanically irritated, it 
secretes an acid, and when particles of glass or other 
such objects were placed on the glands of Drosera, 
the secretion, and that of the surrounding and un- 
touched glands, was increased in quantity and became 
acid. But, according to Schiff, the stomach of an 
animal does not secrete its proper ferment, pepsin, 
until certain substances, which he calls poptogenes, 
are absorbed; and it appears from my exi)eriments 
that some matter must be absorbed by the glands 
of Drosera before they secrete their proper ferment. 
That the secretion does contain a ferment which acts 
only in the presence of an* Ibid on solid animal 
matter, was clearly proved by adding minute doses of 
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an alkali, which entirely arrested the process of diges- 
tion, this immediately recommencing as soon as the 
alkali was neutralised by a little weak hydrochloric 
acid. From trials made with a large number of 
substances, it was found that those which the secretion 
of Drosera dissolves completely, or partially, or not 
at all, are acted on in exactly the same manner by 
gastric juice. We may, therefore, conclude that the 
ferment of Drosora is cldSely analogous to, or identical 
with, the pepsin of animals. 

The substances which are digested by Drosera act 
on the leaves very differently. Some cause much 
more energetic and* rapid inflection of the tentacles, 
and keep them inflected for a much longer time, than 
do others. Wo are thus led to believe that the 
former are more nutritious than the latter, as is 
known to bo the case with somft of these same sub- 
stances when given to animals ; for instance, moat in 
comparison with gelatine. As cartilage is so tough a 
substance an4 is ’so- little acted on by water, its 
[)roinpt dissolution by the secretion of Ilrosera, and 
subsequent absorption, is, perhaps, one of the most 
striking cases. But it is not really more remarkable 
than the digestion of meat, which is dissolved by this 
secretion in the same manner and by the same stages 
as by gastric juice. The secretion dissolves bone, and 
oven the enamel of teeth, but this is simply due to 
the large quantity^ of acid secreted, owing, apparently, 
to the desire of the plant for .phosphorus. In the 
case of bone, the ferment does not come into play 
until all the phosphate of lime has been decomposed 
and free acid is present, and then the fibrous basis is 
quickly dissolved, lastly, the secretion attacks and 
dissolves matter out of* living seeds, which it some- 
times kills, or ifiwos. as shown by the diseased state t 
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of the seedlings. It also absorbs matter from pollen, 
and from fragments of leaves. 

The seventh chapter was devoted to the action of 
the salts of ammonia. These all cause the tentacles, 
and often the blade of the leaf, to be inflected, and 
the protoplasm to be aggregated. They act with very 
different jK)wer ; the citrate being the least powerful, 
and the phosphate, owing, no doubt, to the presence 
of phosphorus and nitrogen, by far the most powerful. 
But the relative efficiency of only three salts of 
ammonia was carefully determined, namely the car- 
bonate, nitrate, and phosphate. The experiments were 
made by placing half-minims (*0296 ml.) of solutions 
of different strengths on the discs of the leaves, — by 
applying a minute drop (about the -J,, of ^ minim, or 
•00296 ml.) for a few seconds to throe or four glands, — 
and by the iipmersioii of whole leaves in a measured 
quantity. In relation to these experiments it was 
necessary first to ascertain the effects of distilled water, 
and it was found, as described in detail, .that the more 
sensitive leaves are affected by it, but only in a slight 
degree. 

A solution of the carbonate is absorbed by the roots 
and induces aggregation in their cells, but does not 
affect the leaves. The vapour is absorbed by the 
glands, and causes inflection as well as aggregation. 
A drop of a solution containing of a grain 
(*0675 mg.) is the least quantity which, when placed 
on the glands of the disc, excites the exterior ten- 
tacles to bend inwards. But a minute drop, contain- 
ing rrhro of a grain (’00445 mg.), if apjdied for a few 
seconds to the secretion surrounding a gland, causes 
the inflection of the same tentacle. When a highly 
sensitive leaf is immersed in a solution, and there is 
^mtde time for absorption, the of a grain 
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('00024 mg.) is sufficient to excite a single tentacle 
into movement. 

The nitrate of ammonia induces aggregation of the 
protoplasm much less quickly than the carbonate, but 
is more potent in causing inflection. A drop contain- 
ing ^^ 4-0 ,1 of a grain (-027 mg.) placed on the disc acts 
powerfully on all the exterior tentacles, which have 
not themselves received any of the solution ; whereas a 
drop with 5 of a grain caused only a few of these 
tentacles to bend, but affected rather more plainly the 
blade. A minute drop applied as before, and contain- 
ing thwo' of a grain (*0025 mg.), caused the tentacle 
bearing this gland *to bend. By the immersion of 
wliole leaves, it was proved that the absorption by a 
single gland of Trii-rVoo of a grain ('0000937 mg.) was 
sufficient to set the same tentacle into movement. 

The phosphate of ammonia is )nuch more powerful 
than the nitrate. A drop containing of a grain 
('0169 mg.) placed on the disc of a sensitive leaf 
causes most of the exterior tentacles to be inflected, 
as well as the blade of the leaf. A minute drop con- 
taining t-ttVo-o of, a grain (*000423 mg.), applied for a 
few seconds to a gland, acts, as shown by the move- 
ment of the tentacle. When a leaf is immersed in 
thitty minims (1'7748 ml.) of a solution of one part by 
weight of the salt to 21,875,000 of water, the absorp- 
tion by a gland of only the TTrsVciro of a grain 
(*00000328 mg.), that is, a little less than the one- 
twenty-milliouth of a grain, is sufficient to cause the 
tentacle bearing this gland to bend to the centre of 
the leaf. In this experiment, owing to the presence of 
the water of crystallisation, less than the one-thirty- 
millionth of a grain of the efficient elements could 
have been absorbed. There is nothing remarkable in 
such minute q iajutities being absorbed by the glands, \ 
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for all physiologists admit that the salts of ammonia, 
which must bo brought in still smaller quantity by a 
single shower of rain to the roots, are absorbed by 
them. Kor is it surprising that Drosora should be 
enabled to profit* by the absorption of these salts, for 
yeast and other low fungoid forms flourish in solutions 
of ammonia, if the other necessary elements are pre- 
sent. But it is an astonishing fact, on which 1 will 
not here again enlarge, that so inconceivably minute a 
quantity as the one-twenty-millionth of a grain of 
phosphate of ammonia should induce some change in 
a gland of Drosera, sufficient to cause a motor impulse 
to be sent down the whole length* of the tentacle ; this 
impulse exciting movement often through an angle of 
above 180^ 1 know not whether to be most astonished 
at this fact, or that the pressure of a minute bit of 
hair, supported by the dense secretion, should quiokly 
cause conspicuous movement. Moreover, this extreme 
sensitiveness, exceeding that of the most delicate part 
(if the human bcxly, as well as the power of transmit- 
ting various impulses from one part of the leaf to 
another, have been acquired without the intervention 
of any nervous system. 

As few plants are at present known to possess glands 
specially adapted for absorption, it seemed wwth while 
to try the* effects on Drosera of various other salts, 
besides those of ammonia, and of various acids. Their 
action, as described in the eighth chapter, .does not 
correspond at all strictly with their chemical affinities, 
as inferred from the cl^sification commonly followed. 
The nature of the base is far more influential than 
that of the acid ; and this is known to hold good with 
animals. For instance, nine salts of sodium all caused 
well-marked inflection, and none of them were poison- 
ous in small doses ; trhereas seven of the nine corre- 
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spending salts of potassium produced no effect, two 
causing slight inflection. Small doses, moreover, of 
some of the latter salts were poisonous. The salts 
of sodium and potassium, when injected into the veins 
of animals, likewise difl*er widely in their action. The 
so-called earthy salts produce hardly any effect on 
JJrosera. On the other hand, most of the metallic 
salts cause rapid and strong inflection, and arc highly 
poisonous ; but there are some odd excej^tions to this 
rule; thus chloride of lead and zinc, as well as two 
salts of barium, did not cause inflection, and were not 
poisonous. 

Most of the acids which were tried, though much 
diluted (one part to 437 of water), and given in small 
doses, acted powerfidly on Drosera ; nineteen, out of the 
twenty-four, causing the tentacles to be more or less 
inflected. ]\[ost of them, even the organic acids, are 
poisonous, often highly so ; and this is remarkable, as 
the juices of so many jdants contain acids. Benzoic 
acid, which is innocuous to animals, seems to be as 
poisonous to Drosera as hydrocyanic. On the other 
hand, hydrochloric acid is not poisonous either to 
animals or to Drosera, and induces only a modemte 
amount of inflection. Many acids excite the glands to 
secrete an extraordinary quantity of mucus ; and the 
protoplasm within their cells seems to be often killed, 
as may be inferred from the surrounding fluid soon 
becoming pink. It is strange that allied acids act 
very difterently : formic acid induces very slight in- 
flection, and is not poisonous ; whereas acetic acid of 
the same strength acts most })owerfully and is poi- 
sonousi Lactic acid is also poisonous, but causes 
inflection only after a considerable lapse of time. 
Malic acid acts slightly, whereas citric and tartaric 
acids produce no effect. 
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In the ninth chapter the effects of the absorption of 
various alkaloids and certain other substances were 
described. Although some of these are poisonous, yet 
as several, which act powerfully on the nervous system 
of animals, produce no effect on Drosera, we may infer 
that the extreme sensibility of the glands, and their 
power of transmitting au influence to other parts of 
the leaf, causing movement, or modified secretion, or 
aggregation, does not depend on the presence of a 
difliised clement, allied to nerve-tissue. One of the 
most remarkable facts is that long immersion in the 
poison of the cobra-snake does not in the least 
cheek, but rather stimulates, the spontaneous move- 
ments of the protoplasm in the cells of the tentacles. 
Solutions of various salts and acids behave very dif- 
ferently in delaying or in quite arresting the sub- 
sequent action of a bolution of phodphate of ammdhia. 
Camphor dissolved in water *acts as a stimulant, as 
tlo small doses of certain essential oils, for they cause 
rapid and strong inflection. Alcohol is not a stimu- 
lant. The vap<mrs of camphor, alcohol, chloroform, 
sulphuric and nitric ether, are poisonous in moderately 
large doses, but in small doses serve as narcotics or 
amesthetics, greatly delaying the subseq^nt action 
of meat. But some of these vapours also act as stimu- 
lants, exciting rapid, almost spasmodic movements in 
the tentacles. Carbonic acid is likewise a narcotic, 
and retards the aggregation of the protoplasm when 
iiarbonate of ammonia is subsequently given. The first 
access of air to plants which have been immersed in 
this gas sometimes acts as a stimulant and induces 
movement. But, as before remarked, a special pharma- 
copoeia would be necessary to describe the diversified 
effects of various substances on the leaves of Drosera. 

In the tenth chapter it was shown that the sensitive- 
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ness of the leaves appears to be wholly confined to 
the glands and to the immediately underlying cells. 
It was further shown that the motor impulse and other 
forces or influences, proceeding from the glands when 
excited, pass through the cellular tissue, and not along 
the fibro-vascular bundles. A gland sends its motor 
impulse with great rapidity down the pedicel of the 
same tentacle to the basal part which alone bends. The 
impulse, then passing onwards, spreads on all sides to 
tlie surrounding tentacles, first affecting those which 
stand nearest and then those farther off. But by being 
tlius spread out, and from the cells of the disc not 
being so much elongated as those of the tentacles, it 
loses force, and here travels much more slowly than 
down the pedicels. Owing also to the direction and 
form of the cells, it passes with greater ease and cele- 
rity in a longitudinal than in a transverse line across 
the disc. The impulse proceeding from the glands of 
the extreme marginal tentacles does not seem to have 
force enough to affect the adjoining tentacles ; and 
this may be in part due to their length. The impulse 
from the glands of the next few inner rows spreads 
chiefly to the tentacles on each side and towards the 
centre of the leaf ; but that proceeding from the glands 
of the shorter tentacles on the disc radiates almost 
equally on all sides. 

When a gland is strongly excited by the quantity 
or quality of the substance placed on it, the motor 
impulse travels farther than from one slightly excited ; 
and if several glands are simultaneously excited, the 
impulses from all unite and spread still farther. As 
soon as a gland is excited, it discharges an impulse 
which extends to a considerable distance; but after- 
wards, whilst the gland is secreting and absorbing, 
the impulse sufiSces only to keep the same tentacle 

T 2 
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inflected; though the inflection may last for many 
days. 

If the bending place of a tentacle receives an impulse 
from its own gland, the movement is always towards 
the centre of the leaf; and so it is with all the 
tentacles, when their glands are excited by immer- 
sion in a proper fluid. • The sliort ones in the middle 
pirt of the disc must be excepted, as these do not 
bend at all when thus t'xcited. On the other hand, 
when the motor impulse comes from one side of the 
disc, the surrounding tentacles, including the short 
ones in the muldle of the disc, all bend with prci- 
cision towards the point of excitement, wherever this 
may be seated. This is in every way a remarkable 
phenomenon; for the leaf falsely appears as if en- 
dowed with the senses of an animal. It is all the 
more remarkable, asMvhen the motor impulse strikes 
the base of a tentacle obliquely with respect to its 
flattened surface, the contraction of the colls must be 
confined to one, two, or a very few rows at one end. 
And different sides of the surrounding tentacles must 
be acted on, in order that all should bend with jire- 
cision to the point of excitement. 

The motor impulse, as it spreads from one or more 
glands across the disc, enters the bases of the sur- 
rounding t(mtacles, and immediately acts on the bend- 
ing place. It does not in the first place proceed up 
the tentacles to the glands, exciting them to reflect 
back an impulse to their bases. Kevertheless, some 
influence is sent uj) to the glands, as their secre- 
tion is soon increased and rendered acid; and then 
the glands, being thus excited, send back some other 
influence (not dependent on increased secretion, nor 
on the inflection of the tentacles), causing the proto- 
plasm to aggregate in cell beneath cell. This may 
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be called a reflex action, though probably very dif- 
ferent from that proceeding from the nerve-ganglion 
of an animal ; and it is the only known case of reflex 
action in the vegetable kingdom. 

About the mechanism of the movements and the 
nature of the motor impulse we know very little. 
During the act of inflection fluid certainly travels from 
one ])art to another of the tentacles. But the hypo- 
thesis which agrees best with the obsen'ed facts is 
tliat the motor impulse is allied in nature to the 
aggregating ju'oeess ; and that this causes the mole- 
cules of the cell-walls to approach each other, in the 
same manner as do lihe molecules of the protoplasm 
within the cells ; so that the cell-walls contract. But 
some strong objections may be urged against this vicAv. 
The rcs-expansion of the tentacles is largely due to 
till) eliisticity of their outer celfc, Avhich comes into 
play as soon as those on the imier side cetise con- 
tra(jting Avith prepotent force ; but we have reason to 
suspe(!t tluit fluid is continually and slowly attracted 
into the outer cells during the act of rc-expansion, 
thus increasing their tension. 

I have now given a brief recapitulation of the chief 
points obscrA'ed by hie, Avith respect to the struc- 
ture, movements, constitution, and habits of Drosem 
rotundifolia; and avo see how little has boon made out 
in comparison with what remains unexplained and 
unknown, 
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CHAPTER XII. 

On the STRt'CrntE and MoVKIIENTii of bome other SI'ECIES of 
^Drosera. 

Drosera anglica — Drosera intermedia — Drosera capemia — Droaera 
apatkuJata — Drosera flifonnis — Drosera hinata — GonciiuUng 
remarks. 

I EXAMINED six other species of Drosera, some of 
them inhahitants of distant countries, chiefly for the 
sake of ascertaining whether they caught insects, l^his 
seemed the more necessary as the leaves of some of 
the species differ to an extraordinary degree in shape 
from the rounded qnes of Drosera rotundifolia. In 
functional powers, however, they differ very little. 

Drosera angh'ca (Hudson).* — ^The leaves of this species, which 
was sent to me from Ireland, are much elongated, and gradually 
widen from the footstalk to the bluntly pointed apex. Tliey 
stand almost erect, and their blades sometimes exceed 1 inch 
in length, whilst their, breadth is only the ^ of an inch. The 
glands of all the tentacles have the same structure, so that the 
extreme marginal ones do not differ i^om the others, as in the 
case of Diosera rotundifolia. When they are irritated by lieing 
roughly touched, or by the pressure of minute inorganic par- 
ticles, or by contact with animal matter, or by the absorption of 
carbonate of ammonia, the tentacles become inflected ; the l>asal 
portion being the chief seat of movement. Cutting or pricking 
the blade of the leaf did not excite any movement. They fre- 
quently capture insects, and the glands of the inflected tentacles 
I)our forth much acid secretion. Bits of roast meat were placed 
on some glands, and the tentacles began to move in 1 m. or 

* Mrs. Treat has given an ox- synonym in part of Drosera an- 
cellent account in * The American pb'ca), of Droisra rotundifolia and 
Naturalist,’ December 1878, p. 70.1, JiliformU, 
of Drosera longifolia (which is a 
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1 m. 30 s. ; and in 1 hr. 10 m. reached the centre. Two bits of 
l)oi1ed cork, one of boiled thread, and two of coal-cinders taken 
from the fire, were placed, by the aid of an instrument which 
had lieen immersed in Ixiiling water, on five glands; these super- 
fiiious precaivtions having been taken on account of M. Ziegler’s 
statements. One of the particles of cinder caused some inflection 
in 8 hrs. 45 m., as did after 2.S hrs. the other particle of cinder, 
the bit of thread, and both bits of cork. Three glands were 
touched half a dozen times with a needle ; one of the tentacles 
l)ccamo well inflected in 17 m., and re-expanded after 24 hrs.; the 
two others never moved. The homogeneous fluid within the cells 
of tlie tentacles undergoes aggregation after these have become 
inflected ; especially if given a solution of carbonate of ammonia ; 
and 1 observed the usual movements in the masses of proto- 
plasm. Ill one case, agjgregation ensued in 1 hr. 10 m. after a 
tentacle had carried a hit of meat to the centre. From these 
facts it is clear that the tentacles of Drosera anglii a behave like 
those of Drosera rotundifvlia. 

If an insect is placed on the central glands, or has been 
naturally caught there, the apex of tlie leaf curls inwards. 
For instance, dead flies were placed on three leaves near their 
Imses, and after 24 hrs. the previously sfi-aight apices were curled 
completely over, so os to embrace and conceal the flies; they had 
therefore moved through an angle of 180’. After three days the 
apex of one leaf, together with the tentacles, licgan to re-expand. 
But as far as I have seen — and I made many trials— the sides of 
the leaf are never inflected, and this is the one functional differ- 
ence Ixjtween this species and Dt^sera rotundifvUa, 

Drosfra interimdia (Hayne).— This species is quite as common 
in some parts of England* as Droaera rotundifoUa. It differs from 
Drama anytica, os far as the leaves are concerned, only in their 
smaller size, and in their tips being generally a little reflexed. 
They capture a large number of insects. The tentacles are excited 
into movement by all the causes above specified ; and aggregation 
ensues, with movement of the protoplasmic masses. 1 liave seen, 
through a lens, a tentacle beginning to bend in less than a 
minute after a particle of raw meat hod been placed on the 
gland. The apex of the leaf curls over an exciting object as in 
the case of Drosera anylica. Acid secretion is copiously poured 
over captured insects. A leaf which had embraced a fly with 
all its tentacles re-expanded after nearly three days. 

Drosera capensis, — This species, a native of the Cape of Good 
Hope, was sent to mo by Dr. Hooker. The leaves are elongated, 
slightly concave along the middle and taper towards the apex, 
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wliicli is bluntly pointed and reflexed. They rise from an almost 
wooily oKiHy and thoir greatest peculiarity consists in their 
foliat^cous green footstalks, which arc almost as broad and oven 
longer than the gland-liearing blade. This species, therefore, 
probably draws more nourishment from the air, and less from 
captui*cd insects, than the other species of the genus. Never- 
theless, the tentacles are crowded together on the disc, and aro 
extremely numerous ; those on the margins being mucli longer 
than the central ones. All the ^ands have tlie same form ; their 
secretion is extremely viscid and acid. 

The sjxicimeii which I examined had only jnst recovered from 
a weak state of licalth. This may account for the tentacles 
moving very slowly when particles of meat were placed on the 
glands, and perhaps for my never succeeding in causing any 
movement by repeatedly touching them with a needle. iJut 
with all the species of the genus tliis latter stimulus is the least 
effective of any. Particles of glass, cork, and coal-cinders, were 
placed on the glands of six tentacles ; and one alone moved after 
an interval of 2 hrs. 30 m. Novertlieless, two glands wore ex- 
tremely sensitive to very small doses of the nitrate of ammonia, 
namely to about of a minim of a solution (one part to 5250 
of water), containing only ‘ttAou ^ grain (•0005(12 mg.) of 
the salt. Fragments of flics were placed on two leaves near their 
tips, which l)(*camc incurved in 15 hrs. A fly was also placed in 
the middle of the leaf ; in a few houi's the tentacles on each side 
embraced it, and in 8 hrs. th6 whole leaf directly beneath tho 
fly was a little l)cnt transversely. By the next morning, after 
23 hrs., tho leaf was curled so completely over that the apex 
rested on the upper end of the footstalk. In no caso did tho 
sides of the leaves become inflected. A crushed fly was placed 
on the foliaceous footstalk, but produced no effect. 

Drosera spathulata (sent to me by Dr. Hooker). — I made only a 
few olxservations on this Australian species, wliich bos long, 
narrow leaves, gradually widening towards their tips. The 
glands of tho extreme marginal tentacles are elongated and differ 
from the others, as in the case of Drosera rotundifolia. A fly was 
placed on a leaf, and in 18 hrs. it was embraced by tho adjoining 
tentacles. Gum-water dropped on several leaves produced no 
effect. A fragment of a leaf was immersed in a few drops of a 
solution of one port of carbonate of ammonia to 14G of water ; 
all the glands were instantly blackened ; the process of aggrega- 
tion could be seen travelling rapidly down the colls of the ten- 
tacles; and the granules of protoplasm soon united into spheres 
and variously shaped masses, which displayed the usual move- 
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ments. Half a minim of a solution of ono part of nitrate of 
ammonia to 146 of water was next placed on the centre of a leaf ; 
after 6 lirs. some marginal tentacles on both sides were inflected, 
and after 9 hrs. they met in the centre. The lateral edges of the 
leaf also became incurved, so that it formed a half-cylinder ; but 
the apex of the leaf in none of my few trials was inflected. The 
above dose of the nitrate (viz. ^ of a grain, or *202 mg.) was too 
powerful, tor in the course of 23 hrs. tlio leaf died. 

Drosera fit i/or min . — This North American species grows in 
such abundance in parts of Now Jersey os almost to cover the 
ground. It catches, according to Mrs. Treat,* an extraordinary 
nunilier of small and large insects,— even great flies of the 
genus Asiliis, moths, and buttei*flies. The specimen which I 
cxamin(.‘d, sent me by Dr. Hooker, hod thread-like leaves, from 
6 to 12 inches in length, with the upper surface convex and 
the lower flat and slightly channelled. The whole convex 
surface, down to the roots — for there is no distinct footstalk— is 
covered with short gland-l)earing tentacles, those on the margins 
lacing the longest and reflexed. Bits of meat placed on the 
glands of some tentacles caused them to ho slightly inflected in 
20 ni. ; but the plant was not in a vigorous state. After 6 hrs. 
tluiy moved through an angle of 90^ and in 24 hi-s. reached 
the centre. The surrounding tentacles by this time began to 
curve inwards. Ultimately a large drop of extremely viscid, 
slightly acid secretion was poured over the meat from the 
united glands. Several other glands were touched with a little 
saliva, and the tentacles became incurved in under 1 hr., and 
re-expanded after 18 hrs. Particles of glass, cork, cinders, 
thread, and gold-leaf, were placed on numerous glands on two 
leaves ; in about 1 hr. four tentacles lx3came curved, and four 
others after an additional interval of 2 hrs. 30 m. I never once 
succeeded in causing any movement by repeatedly touching the 
glands with a needle ; and Mrs. Treat made similar trials for me 
with no success. Small flics were placed on several leaves near 
their tips, but the thread-like blade become only on one occasion 
very slightly bent, directly beneath the insect. Perhaps this 
indicsites that the blades of vigorous plants would bend over 
captured insects, and Dr. Canby informs me that this is the 
case ; but the movement cannot be strongly pronounced, as it 
was not observed by Mrs. Treat. 

J}ro8era binuia (or dichotoma ). — am much indebted to Lady 


* American Naturalist * Deo. 1873, p. 705. 
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Dorothy Novill for a fino plant of this almost gigantic Australian 
species, which differs in some interesting points from those pre- 
viously described. In this specimen the rush-l^ce footstalks of 
the leaves were 20 inches in length. The blade bifurcates at its 
junction with the footstalk, and twice or thrice afterwards, curl- 
ing about in an irregular manner. It is narrow, being only ^ 
of an inch in breadth. One blade was inches long, so that 
the entire leaf, including the footstalk, was above 27 inches in 
length. Both surfaces are slightly liollowcd out. The upix^r 
surface is covered with tentacles arranged in alternate rows; 
those in the middle being short and crowded together, those 
towanls the margins longer, even twice or thrice as long as the 
blade is broad. The glands of tho exterior tentacles are of a 
much darker red than those of the central ones. The pedicels 
of all are green. The apex of tho blade is attenuated, and liears 
very long tentacles. l^Ir. Ck)pland informs me that the leaves of 
a plant which he kept for some years were generally covered 
with captured insects before they withered. 

The leaves do not differ in essential points of structure or of 
function from those of the previously descrilicd species. Bits of 
meat or a little saliva placed on the glands of tho exterior 
tentacles caused well-marked movement in 3 m., and particles 
of glass acted in 4 m. The tentacles with the latter particles 
re-expanded after 22 hrs. A piece of leaf immersed in a few 
drops of a solution of one part of carbonate of ammonia to 437 
of water had all the glands blackened and all tho tentacles 
inflected in 5 m. A bit of raw meat, placed on several glands in 
the meflial furrow, was well clasped in 2 hrs. 10 m. by the mar- 
ginal tentacles on l)oth sides. Bits of roast meat and small flies 
did not act quite so quickly ; and albumen and flbrin still less 
quickly. One of the bits of meat excited so much secretion 
(which is always acid) that it flowed some way down the medial 
furrow, causing the inflection of the tentacles on both sides as 
far as it extended. Particles of glass placed on the glands in the 
medial furrow did not stimulate them sufficiently for any motor 
impulse to be sent to the outer tentacles. In no case was the 
blade of the leaf, even the attenuated apex, at all inflected. 

On both the upper and lower surface of tlie blade there are 
numerous minute, almost sessile glands, consistibg of four, eight, 
or twelve oeUa. On the lower surface they are pale purple, on 
the upper greenish. Nearly similar organs occur on the foot- 
stalks, but they are smaller and often in a shrivelled condition. 
The minute glands on the blade can absorb rapidly: thus, a 
piece of leaf was immersed in a solution of one part of carbonate 
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of ammonia to 218 of water (1 gr. to 2 oz.), and in 5 m. they 
were all so much darkened as to be almost black, with their 
contents aggregp.tcd. They do not, os far as I could observe, 
sccreto spontaneously; but in between 2 and 8 hrs. after a 
leaf had been rubbed with a bit of raw meat moistened with 
saliva, they seemed to bo secreting freely ; and tliis conclusion 
was afterwards Rupx)orted by other appearances. They are, 
therefore, homologous with the sessile glands hereafter to be 
descril)ed on the leaves of DionsBa and Drosophyllum. In 
this latter genus they are associated, as in the present case, with 
glands which secrete spontaneously, that is, without being 
excited. 

Drosara hinata presents another and more remarkable piecu- 
liarity, namely, the presence of a few tentacles on the backs of 
the leaves, near their margins. These are perfect in structure ; 
spiral vessels run up* their pedicels; their glands are sur- 
rounded by drops of viscid secretion, and they have the power of 
absorbing. This latter fact was shown by the glands imme- 
diately becoming black, and the protoplasm aggregated, when 
a leaf was placed in a little solution of one part of carbonate 
of ammonia to 437 of water. These dorsal tentacles are short, 
not lx3ing nearly so long as the marginal ones on the upper 
surface ; some of them are so short as almost to graduate into 
the minute sessile glands. Their presence, number, and size, 
vary on different leaves, and they are arranged rather irre- 
gularly. On the l)ack of one leaf I counted as many ns twenty- 
one along one side. 

These dorsal tentacles differ in one important respect from 
those on the upper surface, namely, in not possessing any power 
of movement, in whatever manner they may Ina stimulated. Thus, 
portions of four leaves w'cro placed at different times in solutions 
of carbonate of ammonia (oiio part to 437 or 218 of water), and 
all the tentacles on the upi)cr surface soon became closely 
inflected ; but the dorsal ones did not move, though the leaves 
were left in the solution for many hours, and though their 
glands from their blackened colour hod obviously absorb some 
of the salt. Bather young leaves should be selected for such 
trials, for the dorsal tentacles, os they grow old and begin to 
wither, often spontaneously incline towards the middle of the 
loaf. If these tentacles had possessed the power of movement, 
they would not have been thus rendered more serviceable to the 
plant; for they are not long enough to bend round the margin 
of the leaf so as to reach an insect caught on the upper surface. 
Nor would it have been of any use if these tentacles could have 
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moved towards the middle of the lower surface, for there are 
no viscid glands there by which insects can bo caught. 
Although they have no power of movenioiit, tli*y are probably 
of some use by absorbing animal matter from any minute insect 
which may be caught by them, and by absorbing ammonia from 
the rain-water. But their varying presence and size, and their 
irregular position, indicate that they am not of much service, 
and that they are tending towards abortion. In a future chap- 
ter we shall see that Drosophyllum, with its elongated leaves, 
probably represents the condition of an early progenitor of the 
genus Droscra; and none of the tentacles of Drosophylluin, neither 
those on the upper nor lower surface of the leaves, arc capable of 
movement when excited, though they capture numerous insects, 
which servo as nutriment. Therefore it seems that linisara 
hiaaia has retained remnants of certain ancestral characters — 
namely a few motionless tentacles on the backs of the leaves, 
and fairly well developed sessile glands — which have been lost by 
most or all of the other species of the genus. 


Concluding Bemarks, — From what wo have noW soeii, 
there can be littlo doubt that most or probably all tlio 
species of Drosera are adapted for catching insects by 
nearly the same means. Besides the two Australian 
species above described, it is said* that two other 
species from this country, namely Drosera imllida and 
Drosera mljphurea, ‘‘ close their leaves upon insects with 
“ great rapidity : and the same phenomenon is mani- 
“ fested by an Indian species, D. lunatay and by s(».veral 
“of those of the Cape of Good Hope, especially by 
“D. trinervisr Another Australian species, Drosera 
heterophylla (made by Lindley into a distinct genus, 
Sondera) is remarkable from its peculiarly shaped 
leaves, but I know nothing of its power of catching 
insects, for I have seen only dried specimens. The 
leaves form minute flattened cups, with the footstalks 
attached not to one margin, but to the bottom. The 


‘ Goidener’s Clironicle,’ 1874, p. 209. 
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CHAPTER XIIL 

Mi'sciruLA/ 

Structure of the leaves ~ Sensitiveness of tlio filaninits — Pnpid 
movement of the lobes causeil by irritation nf tin; iiliiiiients — 
Glands, their power of secretion — Slow movement caused l>y the 
absorption, of animal matter — Evidence of absor])tion from tlic 
aprgreguted condition of the glands — Digestive i)ower of tlie secre- 
tion — Action of chloroform, ether, and hydrocyanic acid — 'I’he 
manner in which insects are captiircHi — Use of the marginal 
spikes — Kinds of insects captured — ^I'he traiiKmisHion of tlui motor 
impulse and mechuuism of the movements — Ke-expansiou of the 
lobes. 

This plant, commonjy called Venus’ fly-trap, from the 
rapidity and force of its movements, is one of the most 
wonderful in the world.^ It is a member of the 
small family of the Eroseracefc, and is found only in 
the eastern part of North Carolina, growing in damp 
situations. The roots arc small ; those of a mo- 
derately fine plant which I examined consisted of two 
branches about 1 inch in length, springing from a 
bulbous enlargement. They probably serve, as in the 
case of Drosera, solely for the absorption of water; 
for a gardener, who has been very successful in tlio 
cultivation of this plant, grows it, like an epiphytic 
orchid, in well-drained damp moss without any soil.t 
The form of the bilobed leaf, with its foliaceous foot- 
stalk, is shown in the accompanying drawing (fig. 12). 

* Dr. Hooker, in his address to the habits of this plant, that it 
the British Association at Belfast, would be superfluous on my part 
1874, has given so full an histori- to repeat them, 
cal account of tiho observations t * Gardener’s Chronicle,’ 1874, 
which ^ve been published on p. 4G4. 
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The two lobes stand at rather less than a right angle 
to each other. Three minute pointed processes or 
filaments, placed triangularly, project from the upper 
surfaces of both ; but I have seen two leaves with four 
filaments on each side, and another with only two. 
These filaments are remarkable from their extreme 
sensitiveness to a 'touch, as shown not by their own 
movement, but by that of the lobes. The margins of 
the leaf are prolonged into sharp rigid projections 
which I will call spikes, into each of which a bundle. 



Fig. 12. 

{.DUmaa tnutcijmla.) 

Ijcai viewed laterally in its expanded state. 


of spiral vessels enters. The spikes stand in such 
a iM}sition that, when the lobes close, they inter-lock 
like the teeth of a rat-trap. The midrib of the 
leaf, ’on tho lower side, is strongly developed and 
prominent. 

The upper surface of the leaf is thickly covered, 
excepting towards tho margins, with minute glands of - 
a reddish or purplish colour, the rest of the leaf being { 
green. There are no glands on the spikes, or on the j 
fuliaceous footstalk. The glands are formed of from 
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twenty to thirty polygonal cells, filled with purple 
fluid. Their upper surface is convex. They stand on 
very short pedicels, into which spiral vessels do not 
enter, in which respect they differ from the tentacles of 
Drosera. Tlicy secrete, but only when excit(3<l by the 
absorption of certain matters ; and they have the })ower 
of absorption. Jlinute projections, formed of eight 
divergent arms of a reddish-brown or orange colour, 
and ai)pearing under the microst'opo like eh'gant little 
flow’ers, are scattered in considerabh? numbers over the 
foot-stalk, the backs of the leaves, and tlie spikes, 
with a few on tlie U 2 )per surface of the lobes. Theses 
octofid projections are no doubt homologous with tlie 
papillm on the leaves of Drosera rotundifoUa. There 
are also a few very minute, simple, pointed hairs, 
about TT?iTm> (*0148 mm.) of an inch in length on the 
backs of the leaves. '* 

The sensitive filaments are formed of several rows 
of elongated cells, tilled with purplish fluid. They 
arc a little above the of an inch in length ; are 
thin and delicate, and taper to a point. 1 examined the 
bases of several, making sections of them, but no trace* 
of the emtranee of any vessel could bo sejcn. The ape»x 
is sometimes bifid or even trifid, owing to a slight 
separation betweem the terminal pointed colls. Towards 
the base tliere is constriction, formed of broader cells, 
beneath which there is an articulation, su])j)orted on 
an enlarged base, consisting of ditTerently shaped poly- 
gonal cells. As the filaments jirojcct at right angles 
to the surface of the leaf, they would have been liable 
to be broken whenever the lobes closed together, had 
it not been for the articulation wliich allows them to 
bend flat down. 

These filaments, from their tips to their bases, are ex- 
quisitely sensitive to a momentary touch. It is scarcely 
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possible to touch them ever so li<^htly or ([iiickly 
with any hard object without causing the lobes to 
A })io<.u3 of very delicate human hair, 2.^ iiurhes 
in length, hold dangling ov(ir a filam(?nt, and swayed 
to and fn> so as to touch it, did not excite any move- 
inent. Hut wlnui a rather thick cotton threivl of the 
same length was similarly swayed, the lobes cloS(*d. 
Pinches of line, wheatoii Hour, drop})ed from a height, 
produc(id no etfec.t. The above-mentioned hair was 
tlum lixed into a handle, and cAit otf so tliat 1 inch 
projcctfMl; this length being sullicicntly rigid to siij.)- 
port its(‘lf in a n(‘arly horizontal line. The extremity 
was them brought by a slow mo vein (»nt latiTally into 
contac.t with the tip of a tilauicnt, and the leaf instantly 
closed. On another occasion two or three touidns of 
th(j same kind were necessary before any movenunit 
ensued. AVhen we consid(T how* flexible a tine hair 
is, we may form some id(‘a how slight must bti the 
touch given by the extremity of a pieci‘, I inch in 
length, movcjd slowly. 

Although these fllaments are so sensitive to a momen- 
tary and (hdicato touch, they are far less sensitive than 
the glands of Drosora to prohuiged pressure. Several 
tiiiKJs 1 sucec3e(h.*d in jdacing on the tij) of a lihumuit, 
by the aid of a nei'dle moved with extreme slowness, 
bits of rather thick human hair, and these di<l not 
excite movement, although thov were more tliaii ten 
times as long as tlioso which caused the teiifjudes of 
Drosera to bond ; and although in this latter casi* they 
were largely supported by tlio dense se(?retion. On 
the other hand, the glands of Drosera may be struck 
with a needle or any hard object, once, twice, or even 
thrice, with considerable force, and no movement 
ensues. This singular difference in the nature of 
the sensitiveness of the fllaments of Diona>a and of 
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the f^hinds of Droscira ovklently stiiiwls in relation to 
the habits of the two ])lants. If a mimite inspect alijrlits 
with its delicate feet on the frhinds of Drosora, it is 
caught by tlie viscid secretion, and the sliglit, though 
prolonged pressure, gives notice of the pres('iice of 
prey, which is secured by the slow bending of the 
tentacles. On the other hand, the sensitive iilaiuents 
of Dioiuea are not viscid, and the capture of insects 
can be assured only by their sensitiveness to a 
momentary touch, followed- by the rapid closure of 
the lobes. 

As just stated, the filaments are not glandular, and 
do not secrete. 2sor have thc'y the power of absorption, 
as may be inCi^rrod from drops of a solution of car- 
bonate of ammonia (one part to 116 of water), placed 
on two filaments, not [iroilueing any eflect on the 
contents of their cells, nor causing thci lob(*s to closer. 
When, however, a small jx^rtion of a leaf with an 
attached filament was cut off and immersed in the same 
solution, the fluid within the basal cells becaiiKJ almost 
instantly aggregateil into piirjdish or colonrh‘ss, irre- 
gularly shaped masses of matter. TIic ])ro(?css of 
aggregation gradually travcdled up the filamcaits from 
C(;ll to cell to their extremities, that is in a revi^rsi' 
course to what occurs in the tentacles of Droscu’a when 
their glands have been excited. Several otli(.*r fila- 
ments were cut off close to their bases, and left for 1 hr. 
30 m. in a weaker solution of one part of the earbonatri 
to 218 of water, and this caused aggregation in all 
the cells, commencing as before at the bastes of the 
filaments. 

Long immersion of the filaments in distilled water 
likewise causes aggregation. Nor is it rare to find 
the contents of a few of the terminal colls in a 
spontaneously aggregated condition. The aggregated 



Chap. XIII. SENSITIVENESS OP FILAMENTS. 


291 


musses undergo iiiecssunt slow changes of form, uniting 
and again se])arating; and some of them apparently 
revolve round their own axes. \ current of colourless 
granular protoplasm could also be seen travelling 
round the walls of tlie cells. This current ceases to 
be visible as soon as the contents arc well aggrcgate<l ; 
but it probably still continues, though no longer 
visible, owing to all the granules in the flowing layer 
having become united with the central masses. In all 
these resj)ects the lllaments of Dionoia behave exactly 
like the tonta<*h‘s of J)ros(‘ra. 

Notwithstanding this similarity there is one re- 
markable ditterence. The tentacles of Drosera, after 
their glands have been re])eatedly touched, ora particle 
of any kind has b(ieu placed on tlnmi, become inflected 
and strongly aggregated. No such eftcct is pro- 
duced by tomjhing tlio lilaments*of Dion^ea ; 1 com- 
pared, after an hour or two, some which had been 
toucluul and some which had not, and others after 
tw(!nty-tive hours, and tlu're was no diflerenco in the 
contents of the cells. The leaves were kept open all 
the time by cli])s; so that the lllaments were not 
pressed against the opposite lobe. 

Drops of water, or a thin broken stream, falling 
from a Inught on the filaments, did not cause the 
blades to close ; though these filaincnts were afterwards 
proved to bo highly sensitive. No doubt, as in the 
case of Drosera, the plant is indiftcrent to the heaviest 
shower of rain. Drops of a solution of a half an ounce 
of sugar to a fluid ounce of water were repeatedly 
allowed to fall from a height on the filaments, but 
produced no eflect, unless they adhered to them. 
Again, I blew many times through a fine pointed 
tube with my utmost force against the filaments 
without any effect; such blowing being received 

u 2 
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with as much indifloreiice as no doubt is a heavy pilo 
of wind. Wo thus see that the sensitiveness oH the 
tilaiiients is of a specialised nature, beinji^ related to a 
momentary touch rather than to prolonjred pressure ; 
and the touch must not Im from fluids, such as air or 
water, but from some solitl object. 

Altliou^h drops of water and of a mod(*rateIy strong 
solution of sugar, falling on the fl laments, docs not 
(»xcite them, yet the immersion of a l(‘af in j)ure water 
sometimes caused the lobes to close. One leaf was h‘ft 
immersed for 1 hr. 10 m., and threci oth(‘r leaves for 
some minutes, in water at temperatures varying be- 
tween 50' and 05^ (15'' to Cent.) without any 

efte(!t. One, liowever, of these four leaves, on being 
gently withdrawn from the water, closed rather 
quickly. The three other leaves were proved to be in 
good condition, as ^chey closed when their iilaimuits 
were touched. Nevertheless twofr(‘sh hnivcs on being 
dijiped into water at 75^ and 02^° (2.*r-8 and l(r*y 
C(mt.) instantly closed. These were then jdaced with 
their fijotstalks in water, and after 211 lirs. partially 
re-expanded; on touching their filaments one of 
them closed. This latter leaf after an additional 
24 hrs. again re-expanded, and now, on the filaments 
of both leaves being touched, botti clostKl. W'e thus 
sec that a short immersion in water does not at all 
injure the leaves, but sometimes excites the lobes 
to close. The movement in the above ca^es was 
evidently not caused by the temperature of the water. 
It has been shown that long immersion causes the 
jnirjde fluid within the cells of the sensitive filaments 
to become aggregated ; and the tentacles of IJroscra 
are acted on in the same manner by long immersion, 
often being somewhat inflected. In both cases the 
result is probably due to a slight degree of exosmosc. 
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I am confirmed in this belief l)y the effects of 
immersing a leaf of Dioiiflea in a moderately strong 
solution of sugar ; the leaf having been previously left 
for 1 hr. 10 m. in water without any effect ; for now the 
lol)(»s closed rather quickly, the tips of the marginal 
s])ikos crossing in 2 in. 30 s., and the hiaf being com- 
pletely shut in 3 ni. Three leaves were then immersed 
in a solution of half an ounce of sugar to a fluid 
ounce of water, and all three loaves closed quickly. 
As I was douldful whether this was duo to the cells on 
the uppcir surface of the lobes, or to the sensitive fila- 
ments, being act(Ml on by exosmose, one leaf was first 
tried by pouring a little of the samcj solution in th(‘ 
furrow b(itwcen the lobes over the midrib, whi(?h is the 
chief seat of movement. It was left there for some time, 
but no movement ensued. The whole upper surface of 
leaf was then painted (except clo^ round the bases of 
the sensitive filaments, which I could not do without 
risk of touching them) with the same solution, but 
no effect was produccid. So that the cells on the upper 
surface are not thus affected. But when, after many 
trials, 1 succ(?cded in getting a drop of the solution to 
(ding to one of the filaments, the leaf quickly closed. 
Hmicc we may, I think, conclude that the solution 
causes fluid to pass out of the delicate cells of the 
filaments by exosmoso ; and that this sets up some 
molecular change in their contents, analogous to that 
which must be produced by a touch. 

The immersion of leaves in a solution of sugar 
affects them for a much longer time than does an 
immersion in water, or a touch on the filaments ; for in 
these latter cases the logics begin to re-expand in less 
than a day. On the other hand, of the three leaves 
which were immersed for a short time in the solution, 
and were then washed by means of a syringe inserted 



2J)4 DIOX.EA MUSCirULA. Chap. XIII. 

botweon the lobes, one re-expanded after two days; 
a second after seven days ; and the third after nine 
<lays. The leaf whieli cdosed, owinp to a drop of the 
solution haviii" adhered to one of the li laments, 
opened after two days. 

I was surprised to tind on two occasions tliat the 
heat from the rays of the sun, concentrated by a Itms 
on the bases of sevcuul lilaments, so that tlu*y were 
scorched and discoloured, did not cause any move- 
ment ; thouf^h the leaves were active, as they closed, 
though rather slowly, when a filament on the op]M)site 
side was touclied. On a third triad, a fre.sh leaf closed 
after a time, though very slowly ; the rate not b(‘ing 
increased by one of the tilaincnts, wliicdi had not lu^en 
injured, being touched. After a day these three l<'aVes 
opened, and were fairly sensitive when the uninjured 
filaments w’ere touched. The siiddcm immersion of a 
leaf into boiling water does not causes it to close. 
Judging from the analogy of Drosera, the heat in 
these several cases was too great and too suddenly 
applied. The surface of the blade is very slightly 
sensitive ; it may be freely and roughly handled, with- 
out any movement being caused. A leaf was scratched 
rather hard with a needle, but did not close ; but when 
the triangular space bt?twcen the three filaments on 
another leaf was similarly scratched, the lobes closed. 
They always closed when the bladcj or midrib was 
deeply pricked or cut. Inorganic bodies, even of large 
size, such as bits of stone, glass, &g. — or organic*, bodies 
not containing soluble nitrogenous matter, such as bits 
of wood, cork, moss, — or l>odies containing soluble 
nitrogenous matter, if perfectly dry, such as bits of 
meat, albumen, gelatine, &c., may be long left (and 
many were tried) on thc3 lobes, and no movement is 
excited. The result, however, is widely different, as we 
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shall j)foaontly see, if nitrogenous organic bodies which 
are at all <lamp, arc left on the lobes ; for these then • 
close by a slow and gradual movement, very different 
from that caused by touching one of the sensitive fila- 
ments. ^J'he footstalk is not in the least sensitive; 
a pill may be driven through it, or it may be cut oft', 
and no movement follows. 

Th(^ upper surfacij of the lobes, as already stated, 
is tliickly covered with small ])urp]ish, almost sessile 
glands. Tlu‘se have the power both of. secretion 
and absorption; but unlike those of Drosera, they 
<lo not secrete until excited by the absorption of . 
nitrogenous mattcT. No other excitement, as far as I 
liave seen, produces this eft'ect. Objects, such us bits , 
of wood, cork, moss, paper, stone, or glass, may b() left 
for a length of time on tlio surface of a leaf, and it 
remains quite dry. Nor does it make any diftcrence if 
the lobes close over such objects. For instance, some 
little balls of blotting piper wore placed on a leaf, 
and a filanicnt was touched : and when after 24 hrs. 
the 1oIk*s began to re-open, the balls were removed by 
tlie aid of thin pincers, and were found perfectly dry. 
On the other liand, if a bit of damp meat or a crushed 
fly is jihiced on the surface of an expanded leaf, the. 
glands after a time .secrete freely. In one such case, 
there wiis a little secretion directly beneath the meat 
in 4 hrs. ; and after an additional 3 lirs. there was a 
considerable quantity both under and close round it.' 
In another case, after 3 hrs. 40 m., the bit of meat was 
quite wet. But none of the glands secreted, except- 
ing those which actually touched the meat or the 
secretion containing dissolved animal matter. 

If, however, the lobes aVe made to close over a bit of 
meat or an insect, the result is different, for the glands 
over the whole surface of the leaf now secrete copiously. 
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As in this case the glands on both sides arc j»rossed 
apiinst tluj meat or insect, the secretion from th(^ first 
is twice as j^reat as wluai a bit of meat is laid on the 
surface of one 1oIm> ; and as the two h»bes come into 
almost close (‘ontact, the S(X*retioii, containing <lis- 
S()lv<‘d animal matter, spreads by ca[»illary attractitm, 
causing fr(‘sli glands on both sides to biggin secretin^ 
in a continually widening circle. The secn.'tion is 
almost colourless, slightly mueilafrinous, and, jud^iujjf 
by the manner in which it coloured litmus ])ap(% 
more stronnfly acid than that of Drosera. It is so 
<*.opious that on one txMMision, when a leaf was cut 
open, on wliich a smalt cube of* albumen liad been 
'placecl l.i hrs. befor(.‘, drops rolled oil* the l(*af. On 
another o(;<?asioii, in which a Ic'af with an enclosed bit 
(d‘ rtjast m(.*at spontaneously opened after ei^ht days, 
there was so iinicli «e(?retion in the furrow over the 
midrib that it tri<.'kled down. A larjijo erushc‘d fly 
(Tipulaj was [daced on a leaf from wliicdi a small 
portion at iho base? of one lob(^ had ])reviously been 
cut away, so that an opening was hdt ; anil through 
this, the secretion contiiined to run down the footstalk 
during nine days, — that is, for as long a time as it was 
observcjd. Jly forcing up one of this loljes, I was able 
to sec some distance Ijetwoen them, and all th(j glands 
within sight were secreting freely. 

We have seen that inorganic and non-nitrogenous 
objects placed on the leaves do not excite any iiiove- 
inent ; but nitrogenous bodies, if in the least degree 
<lamp, cause after several hours the lobes to (Jose 
slowly. Tims bits of quite dry meat and gelatine w'(;ro 
placed at opposite ends of the sjime loaf, and in the 
course of 24 hrs# excited neither s(;eretion nor move- 
ment. They wore then dipped in water, their sur- 
faces dried on blotting paper, and replaced on the same 
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leaf, the plant being now covered Avith a bell-glass. 
After 24 hrs. the dump meat had excited some acid 
se(*Toti(m, and the lobes at this end of the leaf were 
almost shut. At the other end, wlienj the damp gela- 
tim3 lay, the leaf Avas still quite open, nor had any 
S(?crotion been excitcxl ; so that, as Avith Urosera, gela- 
tine is not nearly so exciting a substance as meat. 
The seertition beneath the meat Avas t<?sted by push- 
ing a strip of litmus paper under it (the fihunents not 
being touched), and this sliglit stimulus caused the 
leaf to shut. On the elcA'cnth day it reopened ; but 
the end Avhere the gelatine lay, expanded several hours 
before the o])posite end Avith the meat. 

A s(^cond bit of roast meat, Avhieh appeared dry, 
tliough it had not been pur|M)sely dri(?d, was left for 
24 hrs. on a leaf, caused neither moA’cment nor secre- 
tion. The ])lant in its pot Avas noAv covered Avith a 
b(.*J 1-glass, ami the meat absorbed some moisture from 
the air ; this siimccd to excite acid secretion, and by 
the next morning the leaf Avas closely shut. A third 
bit of meat, <lried so as to bo quite brittle, was placed 
on a leaf under a bell-glass, and this also became in 
24 hrs. slightly damp, jxnd excited some acid secretion, 
but no moveimmt. 

A rather large iiicee of ])crfectly dry albumen Avas 
left at one end of a leaf for 24 hrs. without any 
cflcct. It Avas then soaked for a foAV minutes in 
water, rolled about on blotting ])aper, and replaced 
on the fcaf; in 9 hrs. some slightly acid secretion 
Avas excited, and in 24 hrs. this end of the loaf was 
partially closed. The bit of albumen, AA’hich was now 
surrounded by much secretion, Avas gently removed, 
and although no lilame'nt Avas touched, the lobes 
closed. In this and the previous case, it appears that 
the absorption of animal matter by the glands renders 



298 


DI0XJ5A MUSCIPULA. 


Chap. XIII. 


the surface of the loaf much more sensitive to a touch 
than it is in its ordinary state ; and tliis is a (uirious 
fact. Two days afterwards the end of tlio leaf where 
nothing had been jilacod began to open, and on the 
third day was much more open than the opp(^sito end 
where the albumen had lain. 

Lastly, large dro[)s of a solution of one part of car- 
bonate of ammonia to 140 of water were jdjUHHl on 
some leaves, but no immiMliato movement ensued. I 
did not then know of the slow movement caused by 
animal matter, otherwise 1 should have observed the 
leaves for a longcjr time, ami tiny would ])robably 
have been found tdosed, though the solution (judging 
from Drosera) was, perhaps, too strong. 

From the foregoing cases it is certain that bits of 
meat and albumen, if at all damp, excite not only the 
iglauds to secrete, bu^ thc5 lobes to close. 4'his move- 
anient is widely different from the rapid closure caused 
by one of the filaments being touched. We shall see 
its importance wlieii we treat of the manner in which 
ins(jcts are captured. There is a great contrast be- 
tween Jlrosera and l)iona?a in the effi'cts produced by 
mechanical irritation on the one hand, and the absorp- 
tion of animal matter on the other. Particles of glass 
placed on the glands of the exterior tentacles of JJro- 
scra excite movem(3nt within nearly the saimj time, 
as do particles of meat, the latter being rather the 
most efficient ; but when the glands of the disc have 
bits of meat given them, they transmit a motor impulse 
to the exterior tentacles much more quickly than do 
these glands when bearing inorganic particles, or 
when irritated by repeated touches. On the other 
hand, with Uiomea, touching the filaments excites 
incomparably quicker movement than the absorption 
of animal matter by the glands. Nevertheless, in 
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certain cas^s, this latter stimulus is the more powerful' 
of the two. On three occasions loaves were found 
wliieh from som(i cause were torpid, so tliat tlieir lobes 
closed only slightly, however much their filaments 
were irritated ; but on inserting crushed insects 
betwo(^n the lobes, they became in a day closely shut. 

The facts just given plainly show that the glands 
have the power of absorption, for otherwise it is im- 
])ossibl(j that the leaves should be so diflbrently af- 
fixjtod by noii-nitrogonous and nitrogenous bodies, and 
between thesci latter in a dry and damp condition. It 
is surprising how sliglitly damp a bit of meat or albu- 
men need be in order to excite secretion and aft(?rwards 
slow movement, and ecpially surprising how minute a 
quantity of animal matter, when absorbed, suliices to 
[iroduce these two effects. It seems hardly credible, 
and yet it is (?ertainly a fact, th»t a bit of hard-boiled 
white of egg, first thoroughly dried, then soaked 
for soiiKj minutes in water and rolled on blotting 
paper, should yield in a ft'w liours enough animal 
matter to tlie glands to cause them to secrete, and 
afterwards tlio lobes to close. That the glands liave 
the power of absorption is likewise shown by the very 
different lengths of time (as we shall presently see) 
during wdiich the lobes remain closed over insects and 
other Ix^dies yielding soluble nitrogenous matter, and 
over sucli as do not yield any. But there is direct 
evidence of absorption in the condition of the glands 
which have remained for some time in contact with 
animal matter. Thus bits of meat and crushed insects 
were several times placed on glands, and those ^vere 
compared after some hours with other glands from 
distant parts of the same leaf. The latter showed 
not a trace of aggregation, whereas those which 
had been in contact with the animal matter were 
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well ajjgro^ated. A«^p:rogation may bo seen to occur 
very <i!iickly if a piecfs of a li‘af is immersed in 
a weak solution of carbonate of ammonia. Again, 
small (uibes of albumen aind gelatine! were left for 
eight days on a leaf, which was tlnui cut open. The 
whole surface wais baitlu'd witli acid secretion, Jind 
every cell iii the many glands whh*h were examined 
ha<l its contents aggregated in a beautiful Jnann(^^ 
into dark or pale purple, or colouiiess globular 
mas.ses of protoidasm. These underwent incr*ssant 
slow changes of forms ; sometimes separating from 
one anotlier and then reuniting, exactly as in the 
cxjlls of JJrosera. lloiling water makes tlie contemts 
of the glaml-cclls * white and opacpio, but not so 
purely white and porcelain-like as in the case of 
Drosera. Mow living insects, wlnui naturally (;aught, 
excite the glands to «ecrcte so quickly as th(»y do, 1 
know not; but I suj)p«)se that the groat jnessun* to 
which th(‘y arc subjeseted for(?es a little exendion 
from either extremity of their bodies, and wo liave 
seen tliat an extremely small amount of nitrogenous 
matter is suflicient to excite the glands. 

lietbnj passing on to the subject of digestion, 1 may 
state that 1 endeavoured to discover, with no success, 
the functions of the minute octofid processes with 
which the leaves are studded. From facts In^rwifter to 
be given in the chapters on Aldrovanda and Utri«;u- 
laria, it sf^cmed probable that they served to absorb 
decayed matter left by the captured insects; but 
their position on the backs of the leavers and on the 
footstalks rendered this almost impossible. Never- 
theless, leaves were immersed in a solutio^i of one part 
of urea to 437 of water, and after 24 hrs. the orange 
layer of prritoplasm wdthin the arms of tliese prof^esses 
did not appear more aggregated than in other speci- 
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ijioiis k(?pt in water. 1 then tricjd sus])on(ling a leaf 
in a l)ottlc oven* an excessively iiutrid infusion of 
raw meat, to see whoth(.*r they absorbed the vapour, 
but their contents were not affected. 

Di(/esHve Power of the Secretion * — Wlion a leaf closes 
<jver any object, it may be said to form itself into a 
temporary stomach ; and if the obj(*(;t yields ev£*r so 
littbi anijual matter, this serves, , to use Schilfs expres- 
sion, as a ]M‘i)togenc», and the glands on the surface 
pour Ibrtli their aedd secretion, which acts like the 
gastric juic.tj of animals. As so many experiments' 
were trit*d on the digestive power of Drosera, only a 
few were made with Uiomea, but tliey were amply 
sufficient to prove that it dig(?sts. This plant, more- 
over, is not so well fitted as iJrosera for observation, 
as the process goes on within the closed lobes. Insects, 
<?v<*n beetles, after being subjoct<?d to tlio secretion for 
siivoral days, are surprisingly softened, though their 
(diitinous coats are not corroded. 


Ki'pcrhnmt 1. — A cube of albumen of of an inch (2‘514: 
mni.) was i)laccd at one end of a leaf, and at the other end 
an oblong piece of golatino, -J of an inch (5*08 mm.) long, and 


♦ Dr. W. M. Canhy, of Wil- 
mington, to wlioiii l*niu much 
jii(lc1)t('fl lor inforiiiiition ro;»^inl- 
iii^ Dion.'ca in its native lionic, 
lias ]>nblis]K>d in tho * Gardener’s 
M<mthly,’ ridladclphia, August 
ISliS, Homi^ interesting ohsorva- 
tions. lie ascertaiiif'd tliat the 
secretion digests aiiiiiial matter, 
Hiieli us the coiittnits of insects, 
bits of itu‘:it, &c^; and that the 
secn^tion is rrnibsorbed. Ho was 
also well aware that tho lo 1)08 
remain closed for a inncli Irniger 
time when in contact with animal 
mutter tlian when made to shut 
by a mere touch, or over objects 


not yiehling soluble iintriment; 
and tliat in these latter cases the 
glands do not st?crete. I’lic Eev. 
Dr. Curtis lirst observed (‘ Doston 
Journal Nat. Hist.’ vol. i. ji. 123) 
tlio seeretiou from the glands. I 
may here luld that a fpirdener, 
Mr. Knight, is said (Kirlty and 
Silencer’s * Jntrodnetion to Ento- 
mology,* 1818, vol. i. p. 295) to 
havo tbund that a plant of the 
Diomea, on the leaves of which 
“lie laid fine iilaments of raw 
beef, was much more luxuriant 
in its growth than others uot so 
treated.” 



302 


DION.TCA MUSCirULA. 


Chap. XIII. 


^ broad ; the loaf was then mado to close. It was cut open 
after 45 hrs. The albumen was hard and compressed, with 
its angles only a little rounded ; the gelatine was corroded into 
an oval form ; and l)otli were bathed in so much acid secretion 
that it dropped off the leaf. The digestive process apparently 
is rather slower than in Dmsera, and this agrees with tlie length 
of time during which the leaves remain closed over digestible 
objects. 

Krperitfirnt 2. — A bit of albumen of an inch S(iuare, but 
only in thicknes-s, and a piece of gelatine* of the same size as 
before, were placed on a leaf, which eight days afterwards was 
cut open. The surface was bathed with slightly adhesive, very 
acid secretion, and the glands were all in an aggregated condi- 
tion. Not a vestige of the albumen or gelatine was left. Simi- 
larly sized pieces were placed at the same time on wet moss on 
the same pot, so that they were subjected to nearly similar con- 
ditions ; after eight days these were brown, decayed, and matted 
witJi fibres of mould, but luid not disappeared. 

Kxperimf'ut 3. — A picc^ of albumen of an inch (3*81 mm.) 
long, and •a\; broad and thick, and a piece of gelatine of the 
same size as lx}fore, wereoplaccd on another leaf, which was cut 
open after seven days; not a vestige of either siibstance was 
left, and only a moderate amount of secretion on the surface. 

Experiment 4. — Pieces of albumen and gelatine, of the same 
size as in the last experiment, w’ero placed on a leaf, which 
spontaneously opened after twelve days, and here again not a 
vestige of either was left, and only a little secretion at one end 
of the midrib. 

Experiment 5. — ^Pieces of albumen and gelatine of the same 
size were placed on another leaf, which after twelve days was 
still firmly closed, but had begun to wither; it was cut open, 
and contained nothing except a vestige of brown matter whei'o 
the albumen had lain. 

Experiment 6 . — A cube of albumen of -,V, of an inch and a 
piece of gelatine of the same size as before were placed on a 
leaf, which opened spontaneously after thirteen days. The 
albumen, which was twice as thick as in the latter experiments, 
was too large ; for the glands in contact witli it were injured 
and were dropping off; a film also of albumen of a brown 
colour, matted with mould, was left. All tfle gelatine was 
absorl^d, and there was only a little acid secretion left on 
the midrib. 

Experimmt 7. — A bit of half roasted meat (not measured) and 
a bit of gelatine were placed on the two ends of a leaf, which 
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opened spontaneously after clcYcn days ; a vestige of the meat 
was left, and the surface of the leaf was here blackened; the 
gelatine had all disappeared. 

K'xpftnmeM 8.— A bit of half roasted meat (not measured) 
was placed on a leaf which was forcibly kept open by a clip, so 
that it was moistened with the secretion (very acid) only on its 
lower surface. Nevertheless, after only 22-} hrs. it was sur- 
prisingly soft(incd, when compared with another bit of the 
same meat which had l)cen kept damp. 

Ilj'paruHCht 9.— A culx5 of of an inch t)f very compact 
roasted beef was placed on a leaf, which opened spontaneously 
after twelve days ; so much feebly acid secretion was left on the 
leaf that it trickled oflF. The meat was completely disintegrated, 
but not all dissolved; there was no mould. The little mass was 
placed under the microscope ; some of the hbrillse in the middle 
still exhibited transverse striae; others showed not a vestige 
of striae ; and every gradation could bo traced bctwe(?n these 
two states. Globules, apparently of fat, and some undigested 
fibro-olastic tissue remained. The meat was thus in the 
same state as that formerly described, which was half di- 
gested by Drosera. Here, again, as tn tlio case of albumen, 
the digtjstivc process seems slower than in Drosera. At the 
opposite end of the same leaf, a firmly compressed pellet of 
bread had been placed; this was completely disintegrated, I 
suppose, owing to the digestion of the gluten, but seemed very 
little reduced in bulk. 

iLxpirimvnt 10. — A culxj of of an inch of cheese and 
another of albumen were place<l at opposite ends of tho same 
leaf. After nine days tho lobes oi^cned spontaneously a little 
at tho end enclosing the cheese, but hardly any or none was 
dissolved, though it was softened and surrounded by secre- 
tion. Two days subsequently tho end with the albumen also 
opened spontaneously (i.o. eleven days after it was put on), a 
more trace in a blackened and dry condition lieing left. 

Exj)frimeht 11. — The same ex^ierimeut with cheese and albu- 
men repeated on another and rather torpid leaf. The lobes at the 
end with the cheese, after an intf'-rval of six days, opened spon- 
taneously a little ; tho cube of cheese vras much softened, but 
not dissolved, and but little, if at all, reduced in size. Twelve 
hours afterwords the end with the albumen opened, which 
now consisted of a largo drop of transparent, not acid, viscid 
fluid. ^ 

Experiinent 12. — Same experiment os the two last, and hero 
again tho loaf at the end enclosing the cheese opened before tho 
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opposite end with the albumen ; but no furtlicr observations 
were made. 

Kxfcriment 13. — A globule of chemically prepared casein, 
alx)ut of an inch in diameter, was placed on a leaf, which 
spontaneously opened after eight days. The casein now con- 
sisted of a soft sticky mass, very little, if at all, reduced in size, 
but bathed in acid secretion. 

Tlipse experinipnts are sufficient to show that the 
secretion front the glands of DioritTa dissolves albu- 
men, "(datine, and meat, if too large pieces are 
not given. Globules of fat and fibro-elastic. tissue 
arc not digested. The secretion, with its dissolved 
matter, if not in excess, is siihsetjuently absorbed. On 
the other hand, although chemically j)re2)arod casein 
and cheese (as in the ease of Drosera) excite much 
acid secretiim, owing, I presume, to the absori)tiou of 
some included albuminous matter, thosfj substances 
are not digested, and are not ai)prcciably, if at all, 
reduced in bulk. 

Effects of the Vajmurs of Chlorofo/m, Sulphuric Ethei\ and Hydro-- 
cyanic Acid. — A idtiiit hearing one leaf was introduced into a 
largo bottle with a drachm (3*5-19 ml.) of chloroform, the mouth 
being imi)orfectly closed with cotton-wool. The vapour caused 
ill 1 m. the lobes to begin moving at an imperceptibly slow rate ; 
but in 3 m. the spikes crossed, and the leaf was soon com- 
pletely shut. The dose, however, was much too largo, for in 
between 2 and 3 hrs. the leaf appeared as if burnt, and soon 
died. 

Two leaves w’ero exposed for 30 m. in, a 2-oz. vessel to the 
vapour of 30 minims (1774 ml.) ^f sulphuric ether. One leaf 
closed after a time, as did the other whilst being removed from 
the vessel without lieing touched. Both leaves wore greatly 
injured. Another leaf, exposed for 20 m. to 16 minims of ether, 
closed its IoItgs to a certain extent, and the sensitive filaments 
were now quite insensible. After 24 hrs. this leaf recovered 
its sensibility, but was still rather torpid. A leaf cxjiosed 
in a largo bottle for only 3 m. to ten drops was rendered 
insensible After 62 m. it recovered its sensibility, and when 
one of the filaments was touched, the lobes closed. It began 
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to rcox)en aftec 20 lirs. Lastly another leaf was exposed for 4 m. 
to only four drops of the ether; it wais rendered insensible, and 
did not close when its lilaments were repeatedly touched, but 
closed when the end of the open leaf was cut oif. This shows 
either that the internal parts had not been rendered insensible, 
or that an incision is a more powerful stimulus than repeated 
touches on the filaments. Whether the larger doses of chloro- 
form and ether, which caused the leaves to close slowly, 
acted on the sensitive filaments or on the leaf itself, I do not 
know. 

Cyanide of potassium, when left in a bottle, generates prussic 
or hydrocyanic acid. A leaf was exposed for 1 hr. 35 m. to the 
vapour thijs formed; and the glands became within this time 
so colourless and shrunken as to he scarcely visible, and I at 
first thought that they had all dropped off. The leaf was not 
rendered insensihlo; for as soon os one of the filaments was 
touched it closed. It had, however, suffered, for it did not 
reopen until nearly two days liad passed, and was not even 
then in the least sensitive. After an additional day it recovered 
its powers, and closed on l)eing touched and subsequently re- 
opened. Another leaf behaved in nearly the same manner after 
a shorter exi)osure to this vai)oui\ 


On the Manner in which Insects are caught — We will \ 
now consider the action of the leaves when insects 
happen to touch one of the sensitive filaments. This ‘ 
often occurred in my greenhouse, but I do not know 
whether insects are attracted in any special w’ay by 
the leaves. They are caught in large numbers by the 1 
plant in its native country. As soon as a filament is \ 
touched, both lobei| close with astonishing quickness 
and as they stand at less than a right angle to each 
other, they have a good chance of catching any in- 
truder. The angle between the blade and footstalk! 
does not change when the lobes close. The chief seat I 
of movement is near the midrib, but is not confined ^ 
to this part ; for, as the lobes come together,, each ■ 
curves inwards across its whole breadth ; the marginal 
spikes however, not becoming curved. This move- 

X 
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ment of the whole lobe was well seen in a leaf to 
which a large fly hatl been given, and from which 
a large jx)rtiou had been cut off the end of one lobe ; 
so that the opposite lobe, meeting with no re- 
sistance in this part, went on curving inwards much 
beyond the medial line. The whole of the lobe, from 
whi(?h a portion had been cut, was afterwards removed, 
and the opposite lobe now curled completely over, 
l>assing through an angle of from 120'^ to 130'^, so 
as to occupy a position almost at right angles to 
Tliat which it would have held had the ojjposite lobe 
been present. 

From the curving inwards of the two lobes, as they 
move towards each other, the straight marginal spikes 
intercross by their tips at first, and ultimately by their 
; bases. The leaf is then completely shut and encloses 
a shallow cavity. K it has been made to shut merely 
by one of the sensitive filaments having been touched, 
or if it includes an object not yielding soluble nitro- 
genous matter, the two lobes retain their inwardly 
concave form until they re-expand. The re-exjiansion 
under these circumstances — that is when no organic 
matter is enclosed — was observed in ten cases. In all 
of these, the leaves re-expanded to about two-thirds of 
the full extent in 24 hrs. from the time of closure. 
Even the leaf from which a portion of one lobe had 
been cut off opened to a slight degij^e within this same 
time. In one case a leaf re-expanded to about two- 
thirds of the full extent in 7 hrs., and completely in 
32 hrs.; but one of its filaments had been touched 
merely with a hair just enough to cause the leaf to 
close. Of these ten leaves only a few re-expanded 
/completely in less than two days, and two or three 
required even a little longer time. Before, how- 
ever, they fully re-expand, they are ready to close 
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instantly if tlicir sensitive filaments are touclic<l.\ 
How many times a leaf is capable of shutting and 
opening if no animal matter is left enclosed, 1 do 
not know ; but one leaf was made to close four times, 
reopening afterwards, within six days. On the last' 
occasion it caught a fly, and then remained closed fot 
many days. 

This 1 ) 0 wer of Reopening quickly after the filaments 
have been accidentally touched by blades of grass, 
or by olijects blown on the leaf by the wind, as 
occasionally happens in its native place,* must be of 
^ome importance to the plant ; for as long as a 
leaf remains closed, it cannot of course capture an 
insect. 

When the filaments are irritated and a leaf is made 
to shut over an insect, a bit of meat, albumen, gela- 
tine, casein, and, no doubt, any bther substance con- 
taining soluble nitrogenous matter, the lobes, instead 
of remaining concave, thus including a concavity, 
slowly press closely together throughout their whole 
breadth. As this takes phicc, the margins gradually 
become a little everted, so that the spikes, which at first 
intercrossed, at last project in two parallel rows. The 
lobes press against ejich other with such force that 1 
have seen a cube of albumen much flattened, with 
distinct impressions of the little prominent glands; but 
tliis latter circumstance may have been partly caused 
by the corroding action of the secretion. So firmly do\ 
they become pressed together that, if any large insect 
or other object has been caught, a corresponding pro- 
jection on the outside of the leaf is distinctly visible. 
When the two lobes are thus completely shut, they 


* According to Dr. Curtis, in ‘Boston Journal of Nat. Hist.’ 
vol. i. 1837, p. 123. 
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resist being opened, as by a thin wedge driven 
; between them, with astonishing force, and are gene- 
j rally raptured rather than yield. If not ruptured, 

‘ they close again, as Dr. Canby informs mo in a letter, 
“with quite a loud flap.” But if the end of a loaf 
is held firmly between the thumb and finger, or by a 
clip, so that the lobes cannot begin to close, they 
exert, whilst in this position, very little force. 

I thought at first that the gradual pressing together 
of the lobes w’as caused exclusively by captured 
insects crawling over and repeatedly irritating the 
sensitive filaments ; and this view seemed the more 
j^robable when I h‘arnt from Dr. Burdon Sanderson 
that whenever tlio filaments of a closed leaf are irri- 
tated, the normal electric current is disturbed. Never- 
theless, such irritation is by no means necessary, for a 
dead insect, or a bit of meat, or of albumen, all act 
equally well; proving that in these cases it is the 
absorption of animal matter which excites the lobes 
slowly to press close together. We have seen that the 
absorption of an extremely small quantity of such 
matter also dkiuses a fully expanded leaf to close 
slowly; and this movement is clearly analogous to 
the slow pressing together of the concave lobes. This 
latter action is of high functional importance to the 
plant, for the glands on both sides are thus brought 
into contact with a captured insect, and consequently 
secrete. The secretion with animal matter in solution 
is then drawn by capillary attraction over the whole 
surface of the leaf, causing all the glands to secrete 
and allowing them to absorb the diffused animal matter. 
The movement, excited by the absorption of such 
mattol^ though slow, suffices for its final purpose, 
whilst the movement excited by one of the sensitive 
filaments being touched is rapid, and this is indis- 
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pcnsable for the capturing of insects. These two move- 
ments, excited by two such widely different means, 
are thus both well adapted, like all the others 
functions of the plant, for the purposes which theyy 
subserve. 

Ther(5 is another wide difference in the action of 
leaves which enclose objects, sucli as bits of \vood, 
cork, balls of paper, or which have had their filaments 
merely touched, and those which enclose organics • 
bodies yielding soluble nitrogenous matter. In the 
former e.ase the leaves, as we have seen, open in under 
24 hrs. and are then ready, even before being fully 
expanded, to shut again. But if they have closed 
ov(T nitrogen-yielding bodies, they remain closely 
shut for many days; and after re-expanding ar(‘ i 
torpid, and never act again, or only after a consider- 
able interval of time. In four instances, leaves after 
(jat(jhing insects never reopened, but began to wither, 
remaining closed — in one case for iiftocm days over 
a fly; in a second, for twenty-four days, though 
the fly was small ; in a third for twenty-four days over 
a woodlouse ; and in a fourth, for thirty-five days over 
a large Tipula. In two other cases leaves remained 
closed for at least nine days over flies, and for how 
many more I do not know. It should, however, be 
added that in two instances in which very small 
insects had been naturally caught the leaf opened 
as quickly as if nothing had been caught ; and I 
suppose that this was due to such small insects not 
having been crushed or not having excreted any 
animal matter, so that tho glands w'ere not excited. 
Small angular bits of albumen and gelatine were 
placed at both ends of three leaves, two of iirhich 
remained closed for thirteen and the other for twelve 
dtrys. Two other leaves remained closed over bits of 
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moat for elovon days, a third leaf for eight days, and 
a fourth (but this had been cracked and injuro<l) for 
only six days. Bits of cheese, or casein, were placed 
at one end and albumen at the other end of three 
leavt‘8; and the ends with the former opened after 
six, eight, and nine days, whilst the opjH>site (»nds 
openetl a little later. Xone of the above bits of meat, 
albumen, &e., exceeded a cube of Vo 
(2'o4 mm.) in size, and were sometimes sinalh»r ; yt?t 
these small jM)rtions sufficed to keep the leaves closed 
for many days. Dr. Canby informs mo that leaves 
remain shut for a longer time over insects than over 
moat ; and from what I have seen, I can well b(*lieve 
that this is the case, especially if tlio insects an^ 
large. 

In all the above cases, and in many others in which 
loaves remained closed for a long but unknown 
])(?riod over insects natui’iilly caught, they were more 
or loss torpid when they reopened. (Tcnerally they 
were so torpid during many succeeding days that lio 
excitement of the filaments caused the least move- 
ment. In one instance, however, on the day after a 
leaf opened which had clasped a fly, it closed with ex- 
treme slowness when one of its filaments was toiiclied ; 
and although no object was left enclosed, it was so 
torpid that it did not re-o])en for the sccoml time 
until 44 hrs. had elapsed. In a second ease, a loaf 
which had expanded after remaining closed for at 
least nine days over a fly, W’hen greatly irritated, 
moved one alone of its two lobes, and retained this 
unusual position for the next two days. A third case 
offers the strongest exception which I have ohs<irved ; 
a lea^ after remaining clasped for an unknown time 
over a fly, opened, and when one of its filaments was 
touched, closed, though rather slowly. Dr. Canby, 
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who observed in the United States a lai^e number of 
plants which, although not in their native site, were 
probably more vigorous than my plants, infonns 
me that he has " several times known vigorous leaves 
to devour their prey several times ; but ordinarily 
twice, or, quite often, once was enough to render them 
unscirviceable.” Mrs. Treat, who cultivated many 
plants in New Jersey, also informs me that ‘‘several 
loaves caught successively throe insects each, but most 
of them were not able to digest the third fly, but died 
in the attempt. Five heaves, however, digested each 
throe flies, and closed over the fourth, but died soon 
aft(ir the fourth capture. Many leaves did not digest 
oven one large insect.” It thus appears that tlie 
power of digestion is somewhat limited, and it is 
certain that leaves always remain clasped for many 
days over an insect, and do not recover their power of 
closing again for many subsequent days. In this 
rcsjiect Diontea differs from Drosera, which catches 
and digests many insects after shorter intervals of 
time. 

We are now prepared to understand the use of the 
marginal spikes, which form so conspicuous a feature 
in the appearance of the plant (fig. 12, p. 287), and 
which at first seemed to me in my igno, ranee useless 
appendages. From the inward curvature of the lobes 
as they approach each other, the tips of the marginal 
spikes first intercross, and ultimately their Imses. 
Until the edges of the lobes come into contact, elon- 
gated spaces between the spikes, varying from the tV 
to the -rV of an inch (1*693 to 2*54 mm.) in breadth, 
according to the size of the leaf, are left open. Thus 
an insect, if its body is not thicker than these mea- 
surements, can easily escape between the crossed 
spikes, when disturbed by the closing lobes and in- 
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creasing darkness ; and one of my sons actually saw a 
•small insect thus escaping. A moderately large in- 
sect, on the other hand, if it tries to escape between 
the bars will surely be pushed Imck again into its 
horrid prison with closing walls, for the spikes con- 
tinue to cross more and more until the edges of the 
lobes come into contact. A very strong insect, how- 
ever, would be able to free itself, and ]\lrs. I'rcat sfiw 
this effected by a rose-chafer {Macrodmtylm suhsjn- 
owBHs) in the United States. Now it would manifestly 
be a great disadvantage to the plant to waste many 
<lays in remaining clasped over a minute insect, and 
several additional days or weeks in afterwards ro- 
cov('ring its sensibility ; inasmuch as a minute insect 
would afford but little nutriment. It would be 
far better for the plant to wait fijr a time until a 
moderately large insect was captured, and to allow all 
the little ones to escape; and this advantage is 
secured by the slowly intercrossing marginal S2)ikes, 
which act like the large meshes of a fishing-net, 
allowing the small and useless fiQr to escape. 'C 

As I was anxious to know whether this view was 
correct — and as it seems a good illustration of how 
cautious we ought to be in assuming, as I liad done 
with respect to the marginal spikes, that any fully 
developed structure is useless — I ap2)Iied to iJr. Canby. 
He visited the native site of the 2)Iant, early in the 
season, before the leaves had grown to their full size, 
and sent me fourteen leaves, containing naturally 
ca2)tured insects. Four of these hasd caught rather 
small insects, viz. three of them ants, and the fourth 
a rather small fly, but the other ten had all caught 
large insects, namely, five elaters, two chrysomelas, 
a curculio, a thick and broad spider, and a scolo- 
p?ndra. Out of these ten insects, no less than eight 
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were beetles,* and out of the whole fourteen there 
was only one, ^viz. a dipterous insect, which could 
readily take flight. Drosera, on the other hand, 
lives chiefly on insects which are good flyers, especially 
Diptera, caught by the aid of its viscid secretion. But 
what most concerns us is the size of the ten larger 
insects. Their average length from head to tail was 
•25G of an inch, the lobes of the leaves being on an 
average *53 of an inch in length, so that the insects 
were very nearly half as long as the leaves within 
which they w-ere enclosed. Only a few of these leaves, 
therefore, had wasted their powers by capturing small 
pr«iy, though it is j)robable that many small insects 
had crawd(?d over them and been caught, but had 
then escaped through the bars. 

The Transmission of the Motor Impulse^ and Means 
of Movement — It is sufficient to 4;ouch any one of the 
six filaments to cause both lobes to close, these becom- 
ing at the same time incurved throughout their whole 
breadth. The stimulus must therefore radiate in all 
(lirc^ctioiis from any one lilament. It must also be 
transmitted with much rapidity across the leaf, for in 
all ordinary cases both lobes close simultaneously, 
as far as the eye can judge. Most physiologists be- 
lieve that in irritable plants the excitement is trans- 
mitted along, or in close connection with, the fibro- 
vascular bundles. In Diomna, the course of these 
vessels (composed of spiral and ordinary vascular 

♦ Dr. Cunby remarks (‘Gar- as clators, for tkc five which I 
iloner’s Moiitlily,* Aujrust 18U8), examined were in an extremely 
“ as n general thing l^otles and fragile und empty condition, os if 
insects of that kind, though al- all their internal parts had been 
ways kilbnl, seem to be too hard- partially digested. Mrs. Treat 
shelled to serve as food, and after informs me that tlie plants which 
a short timo are reject^.’* 1 am she cultivated in New Jersey 
surprised at this statement, at chiefly caught Diptera. 
least with respect to such beetles 
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tissue) seems at first si^ht to favour this belief ; for 
they run up the midrib in a great^bundle, sending 
off small bundles almost at right angles on eaedi side. 
These bifurcate occasionally as tliey extend towards 
the margin, and cdose to the margin small branches 
from adjoining vessels unite and enter the marginal 
spikes. At some of those points of union the vessels 
form curious loops, like those described under Drosora. 
A continuous zigzag line of vessels thus runs round 
the whole circumference of the leaf, and in tlie midrib 
all the vessels are in close contact ; so that all parts of 
the leaf seem to be brought into som(3 degree of com- 
munication. Nevertheless, the presence of vessels is 
not necessary for the transmission of the motor 
impulse, for it is transmitted from the tips of the 
sensitive filaments (these being about the of an 
inch in length), into whhjh no vessels enter; and 
these eoul<l not have been overlooked, as 1 made tliin 
vertical sections of the leaf at the bases of the fila- 
ments. 

On several occasions, slits about the Vo of an inch 
in length were made with a lancet, close to tins bases 
of the filaments, parallel to the midrib, and, there- 
fore, directly across the course of the vessels. These 
were made sometimes on the inner and sometimes 
on the outer sides of the filaments ; aiid after several 
days, when the leaves had reopened, these filaments 
were touched roughly (for they were always rendered 
in some degree torpid by the operation), and the 
lobes then ^closed in the ordinary manner, tliough 
slowly, and sometimes not until after a considerable 
interval of time. These cases show that the motor 
impulse is not transmitted along the vessels, and they 
further show that there is no necessity for a direct 
line of communication from* the filament which is 
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touclicd towards the midrib and opposite lobe, or 
towards the outcg: parts of the same lobe. 

Two slits near each other, both parallel to the mid- 
rib, were next made in the same manner os before, one 
on each side of the base of a filament, on five distinct 
leaves, so that a little slip bearing a filament w^as con- 
nected witli the rest of the leaf only at its tw'o ends. 
These slips were nearly of the same size ; one was care- 
fully measured ; it was *12 of an inch (3*048 mm.) in 
leiigtli, and *08 of an inch (2*032 mm.) in breadth; 
and in the middle stood the filament. Only one of 
tlieso slips withered and ijerishod. After the leaf had 
recovered from the operation, though the slits were 
still open, the filamenta flius circumstanced were 
roughly touched, and lx)th lobes, or one alone, slowly 
(3lo8(.‘d. In two instances touching the filament pro- 
<lnced no cflect; but when the jioiiit of a needle was 
drivciii into the slip at the base of the filament, the 
lolx's slowly closed. Now in these cases the impulse 
must have proceeded along the slip in a line parallel 
to the midrib, and then have radiated forth, either 
from both ends or from one end alone of the slip, over 
the whole surface of the two lobes. 

Again, tw'o> parallel slits, like the former ones, were 
made, one on each side of the base of a filament, at 
right angles to the midrib. After the leaves (two in 
number) had recovered, the filaments were roughly 
touched, and the lobes slowly closed; and liere the 
impulse must have travelled for a short distance in a 
line at right angles to the midrib, and then have 
rtidiated forth on all sides over lx)th lobes. These I 
several cases prove that the motor impulse travels in j 
all directions through the cellular tissue, independently ( 
of the course of the vessels.- 

With Drosera we have seen that the motor impulse j 
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is transmitted in like niannor in all directions tlirongli 
the cellular tissue ; hut that its rate is largely governed 
by the length of the cells*and the dire(?tion of thcur 
longer axes. Thin sections of a leaf of Dioiuea were 
made by my son, and the cells, both those of tlu' 
central and of the more suj)erlieial layers, were found 
much elongated, with their longer axes dirocdc'd to- 
wards the midrib; and it is in tliis direction that the 
motor impulse must bo sent with great rapidity from 
one lobe to the other, as l)oth close siinultam'ously. 
The central parenchymatous cells are larger, more 
loosely attached together, and have more delicate walls 
than the more superficial cells. A thick mass of cel- 
lular tissue forms the upper surface of the midrib 
over the great central bundle of vessels. 

When the filaments were roughly touched, at the 
bases of w'hich slits had been made, either on both 
sides or on one side, pirallel to the midrib or at right 
angles to it, the two lobes, or only one, moved. In 
one of these cases, the lobe on the side which bore the 
filament that was touched moved, but in threci other 
cases the opposite lobe alone moved ; so that an injury 
which was sufficient to j)revent a lobe moving did not 
prevent the transmission from it of a stimulus which 
excited the opposite lobe to move. We thus also 
learn that, although normally both lobes move to- 
gether, each has the i)ower of independemt movement. 
A case, indeed, has already been given of a torpid 
leaf that had lately re-opened after catching an 
insect, of which one lobe alone moved when irritated. 
Moreover, one end of the same lobe can close 4tnd re- 
expand, independently of the other end, as was seen 
in some of the foregoing experiments. 

When the lobes, which are rather thick, close, no trace 
of wrinkling can be seen on any part of their upper 



Chai-. xui. tbansmissiok of motor impulse. 317 

surfaces. It appears therefore that the cells must con-l 
tract. The chief seat of moyement is evidently' 
ill the thick mass of cells which overlies the central 
bundle of vessels in the midrib. To ascertain whether 
this part contracts, a leaf was fastened on the stage of 
the microscope in such a manner that the two lobes 
could not become quite shut, and having made two 
minutci black dots on the midrib, in a transverse line 
and a little towards one side, they were found by the 
microiiKiter to be To?ro of an inch apart. One of the 
hlaments was then touched and the lobes closed; but 
as they were prevented from meeting, I could still see 
the two dots, whi(jh now were tfuit i^ch apart, 

so that a small portion of the upper surface of the 
midrib Inid contracted in a transverse line -nriro of 
inch ('0508 mm.). 

We know that the lobes, w'hllst closing, become 
slightly incurved throughout their whole breadth. 
This movement a})poars to be duo to the contraction 
of the superficial layers of cells over the whole upper 
surface. In order to observe their contraction, a nar- 
row strip was cut out of one lobe at right angles to 
the midrib, so that the surface of the opposite lobe 
(M)uld be seen in this part ivhen the leaf was shut. 
After the leaf liad recovered from the operation and 
had re-expanded, three minute black dots were made 
on the sirrface opposite to the slit or window, in a line 
at right angles to the midrib. The distance betw*een 
the dots was found to be -ruhi of an inch, so that the 
two extreme dots were of an inch apart. One of 
the filantents was now touched and the leaf closed. 
On again measuring the distances between the dots, 
the two next to the midrib were nearer together by 
■To-iii- of an inch, and the two further dots by of 
an inch, than they were before ; so that the two extreme 
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dots now stood about T-/,nr of ('127 nim.) 

nearer together than beforcj. If we suppose the whole 
upper suriace of the lobe, which was of an inch 
in breadth, to have contracted in the same proportion, 
the total contraction will have amounted to about 
or of an inch ('635 mm.) ; but whether this 
is sufficient to account for the slight inward curvature 
of the whole lobe, I am unable to say. 

I Finally, with respect to the movement of the leaves, 
1 the wonderful discovery made by Dr. Burdon Sander- 
ison* is now universally known; namely that tliere 
exists a normal electrical current in the blade and 
footstalk ; and that when the leaves are irritated, the 
current is disturbed in the same manner as takes place 
. during the contraction of the muscle of an animal. 

The Re-expansion of the Leaves. —This is effected at an 
insensibly slow rat(f, whether or not any object is 
enclosed.t One lobe can re-expand by itself, as oc- 
curred with the torpid leaf of which one lobe alone had 
closed. We have also seen in the experiments with 
cheese and albumen that the two ends of the same lobe 
can re-expand to a certain extent independently of 
)|each other. But in all ordinary cases both lobes open 
,|at the same time. The re-expansion is not determined 
•by the sensitive filaments ; all three filaments on one 
I lobe w'ere cut off close to their bases ; and the three 


• ‘Proc. Royal Soc.* vol. xxL 
p. 40.5; and lecture at the Royal 
Institution, June 5, 1S74, given in 
‘Nathre,' 1874, pn. 105 and 127. 

t Xuttall, iu hill *Geii. Ame- 
rican Plante,* p. 277 (note), wiys 
tliat, whilst collecting tlite plant 
in its native home, ** I hud occa- 
sion to obHcrve that a detached 
leaf would make repeated eifortH 
towards diDclosing itoelf to the 


influence of the sun; these at- 
tempts consiHted in an undulu- 
tory motion of the marginal cilim, 
accompanied hy a partial open- 
ing and succeeding* collapcio of 
the lamina, which at length ter- 
minated in a complete expansion 
and in the dentruction of senai- 
hility.” I um indebted to Prof. 
Oliver for thin reference ; but I do 
not uuderetaud what took phico. 
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leaves thus treated re-expanded, — one to a partial ex- ( 
tent in 24 hrs., — a second to the same extent in 48 f 
hrs., — and the third, whicli had been previously in-; 
jurod, not until the sixth day. These leaves after* 
their re-expansion closed quickly when the filaments 
on the other lobe were irritated. These were then cut 
oiT one of the leaves, so that none were left. This 
mutilated lt;af, notwithstanding the loss of all its fila- 
ments, re-expanded in two days in the usual manner. 
When th(i filaments have been excited by immersion 
in a solution of sugar, the lobes do not expand so soon 
as when the filaments have been merely touched ; and 
this, I presume, is due to their having been strongly 
affected through exosmose, so that they continue for 
some time to transmit a motor impulse to the upper 
surface of the leaf. 

TJie following facts make nib believe that the 
several layers of cells forming the lower surface of the 
leaf are always in a state of tension ; and that it is 
owing to this mechanical state, aided probably by 
fresh fluid being attracted into the cells, that the lobes 
begin to sejmrate or expand as soon as the contraction 
of the upper surface diminishes. A leaf was cut off 
and suddenly plunged perpendicularly into boiling 
water : I expected that the lobes would have closed, 
but instead of doing so, they diverged a little. I then 
took another fine leaf, with the lobes standing at an 
angle of nearly 80° to each other ; and on immersing 
it as before, the aiigje suddenly increased to 90°. A 
third leaf was torpid from having recently re-expanded 
after having caught a fly, so that repeated touches of 
the filaments caused not the leiist movement; never- 
theless, when similarly immersed, the lobes separated a 
little. As these leaves were inserted perpendicularly 
into the boiling water, both surfaces and the filaments 
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must liavc been equally affected; and I can unde^ 
stand tlio divergence of tlie lobes oiJy by supi^sing 
that the cells on the lower side, owing to their state of 
tension, acted mechanically and thus suddenly drew 
the lobes a little ajiort, as soon as the cells on the 
upi)er surface were killed and lost their contractile 
pver. Wc have seen that boiling water in .like 
manner causes the tentacles of Drosera to curve back- 
wards; and this is an analogous movement to the 
divergence of the lobes of Diomea. 

Ill some concluding remarks in the fifteenth idiapter 
on the Drosoracem, the different kinds of irritability 
possessed by the several genera, and the different 
manner in which they capture insects, will be com- 
pared. 
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CHAPTER XIV. 

Aldkovanda vksiculosa. 

CapturcH cniHtaccans — Structure of tlio leaves in comparison with 
tliOKO of Dionaua — Absorption by the glands, by the quadriiid pro- 
cessus, and fjoiiits on the iuiblded margins — Ahlrovaiida vesiculosa, 
vur. australis — Captures prey — Absorption of animal matter — 
Aldrommla vesiculosa, var. vertieillata — Concluding remarks. 

This plant may be callcfl a miniature aquatic Diona^a. ^ 
Stein discovered in 1873 tlnit the bilobed leaves, ! 
wliieli are generally found closed in Europe, open j 
under a sufliciently high temperature, and, when f 
touched, suddenly close.* They re-expand in from; 
24 to 3(j lirs., but only, as it appears, when inor- 
gainit; objects are enclosed. The leaves sometimes’ 
contain bubbles of air, and were formerly supposed to 
be bladders ; hence the specific name of vesiculosa.^ 
Stein observed that water-insects were sometimes 
caught, and Prof. Cohn lias recently found within the . 
leaves of naturally growing phints many kinds ofi 
crustaceans and larvie.t Plants which had been kept ! 
in filtered water wore pbiccd by him in a vessel con- 


* Sinco his original publication, 
Stciii has found out that the irri- 
tability of tho loaves was obsorvetl 
by Du SossiiH, as rccordinl ii» 
‘ Bull. Hot. Soo. do Franco,* in 
ISSl. Dclpiiio states in a paper 
published in 1871 (‘Niiovo Uior- 
nale Hot. Ital.* vol. iii. p. 174) 
that “una quantitii di chioccio- 
line e di oltri animaluoli ociiua- 
tici” are caught and suifocaUxl 
by tliu leaves. I presume tliat 


cltioecidline are frosh-wator mol- 
luscs. It would bo iuturusting to 
know whetliur their shells arc at 
nil corrodcid by tho acid of the 
digestivo secretion. 

t I urn greatly indebted to this 
distinguished naturalist for having 
sent mo a copy of his memoir on 
Aldrovanda, before its publica- 
tion in his * Beitiiigc zur Biologic 
dor rilanzoii,’ drittes Heft, 1875, 
p. 71. 
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taiuing numerous crustaceans of tlio genus Cypris, and 
next morning many were found imprisoned and alive, 
still swimming about within the closed leaves, but 
doomed to certain death. 

Directly after reading Prof. Cohn’s memoir, I re- 
ceived through the kindness of Dr. Hooker living 
plants from Germany. As 1 can add nothing to Prof. 
Cohn’s excellent description, I will give only two 
illustrations, one of a whorl of leaves copied from his 
work, and the other of a leaf pressed flat open, drawn 
by my son Francis. I will, however, ap 2 )end a few 
remarks on the differences between this plant and 
Dioiuea. 

Aldrovanda is destitute of roots and floats freely in 
the w'ator. The leaves are arranged in whorls round 
jtlic^ stem. Their broad ])ctiolcs terminate in from four 
to six rigid projections,* eofih tii)ped with a stiff*, 
short bristle. The bilobod leaf, with the midrib like- 
wise tipped with a bristle, stands in the midst of 
those projections, and is evidently defended by them. 
The lobes are formed o4* .very delicate tissue, so as to 
be translucent ; they open, according to Cohn, about 
as much as the two valves of a living mussel-s]iel4 
therefore even less than the lobes of Dionma; and 
this must make the caiiture of aquatic animals more 
easy. The outside of the leaves and the petioles are 
covered with minute tw^o-armed papilla), evidently 
answering to the eight-rayed papilla) of Dionaea. 

Each lobe rather exceeds a semi-circle in convexity, 
and consists of two very different concentric portions ; 
the inner and lesser portion, or that next to the midrib, 

* Thcro has been much cUmcus- 1861, p. 146) believes that they 
sion by botanists on the homolof^- corresmnd with the fimbriated 
oal nature of these projections. « scale-like IxMlies found at the 
l>r. Nitschke OBut. Zeitung,* buses of the petioles of Drosord. 
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is slightly concave, and is formed, according to Cohn,/ 
of three layers of cells. Its upper surface is studded ] 
with colourless glands like, but more simple than, : 
those of Dionaca; they are supported on distinct 
footstalks, consisting of two rows of cells. The outer 




Fig. 13. 

(AMn>va?t<la vetticulota,') , 

Uppor figare, wborl of leaves (from Prof. Cohn). 

Lower figure, leaf pressed fiat open and greatly enlarged. 

and broader portion of the lobe is flat and very , 
thin, being formed of only two layers of cells. Its ' 
upper surface does not bear any glands, buty in their 
place, small quadrifld processes, each coniAsting of 
four tapering projections, which rise from a common 

Y 2 



324 


ALDROVAXDA VESICULOSA. 


Chap. XIV» 


2 >rominonce. These i^rocesses are formed of very 
delicate mombraue lined with a layer of proto])lasm ; 
and they sometimes contain a^"re"at(?d globules of 
hyaline matter. Two of the slightly diverging arras 
are directed towards the circuiiiferenco, and tw’O 
towards the midrib, fonning together a sort of (Iroek 
cross. Occasionally two of the arms arc rephnawl by 
oiu‘, and then the jirojection is trifid. Wo shall see in 
a future chai)ter that these projections curiously re- 
semble those found within tht‘ bladders of Utric.ularia, 
more especially of Utricularia inontana, although this 
genus is not related to Aldrovanda. 

A narrow rim of the broad flat exterior j)art of each 
lobe is turned inwards, so that, when the lobes are 
closed, the exterior suriaces of the in-folded portions 
come into eonta(*.t. The edge itself bears a row of 
conical, flattened, trUiLsparent i^oints with broad bases, 
like* the judckles on the stem of a bramble or 1 tubus. 
As the rim is infolde<l, these 2)oints are directed 
towards the mhlrib, and tlicy appear at first as if they 
w'ere ada2)ted to prevent the cs(;apc of 2)roy ; but this 
can hardly be their chief function, for they are com- 
])osod of very delicate and highly flexible membrane, 
which can be easily bcnit or quite doubled back with- 
out being crackcjd. Nevertheless, the infolded rims, 
together with the points, must somewhat interfere 
with the retrograde movement of any small creature, 
as soon as the lobes begin to close. The circjum- 
ferential part of the leaf of Aldrovanda thus diflers 
greatly from that of Dionma; nor can the points on 
the rim bo considcro<l as homologous with the spikes 
round the leaves of Dionma, as those latter are pro- 
longations of tlio blade, and not mere epidermic 
])roductions. They appear also to serve for a widely 
diftcrent jrarposc. 
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Oil the concave glaml-bearing portion of the lobes, 
and esfiecially on the midrib, there are numerous, 
long, liiiely ])ointed hairs, which, as Prof. Cohn re- 
marks, there can bo little doubt are sensitive to a 
toucli, and, wlieii touched, cause the leaf to close. 
Tlicjy are fonned of two rows of cells, or, according to 
Colin, sometimes of four, and do not include any vas- 
cular tissue. Th(}y difler also from the six sensitive 
filam(3iits of IJiona,‘a in being colourhiss, and in having 
a medial as well as a basal articulation. No doubt it 
is owing to these two articulations that, notwithstand- 
ing their Icngtli, they escape being broken when the 
lobes close. 

The plants which I received during the early part 
of October from Ivew never opened their leaves, 
though subjected to a high temperature. After ex- 
amining the structure of some of iSiem, I experimented 
on only two, as 1 hoped that the plants would grow ; 
and 1 now regret that I did not sacrifice a greater 
number. 

A leaf was cut open along the midrib, and the 
glands examined under a high power. It was then 
placed in a few drops of an infusion of raw meat. 
After 3 hrs. 20 m. there was no change, but when 
next examined after 23 hrs. 20 m., the outer cells of 
the glands contained, instead of limpid fluid, spherical 
masses of a granular substance, showing that matter 
bad been absorbed from the infusion. That these 
glands secrete a fluid which dissolves or digests animal 
matter out of the l)odies of the creatures which the 
leaves capture, is also highly probable from the 
analogy of Dioiiaea. If wo may trust to the same 
analogy, the concave and inner portions of the two 
lobes probably close together by a slow movement, as 
soon as the glands have absorbed a slight amount of 
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already soluble animal matter. The included water 
would thus be pressed out, and the secretion conse- 
quently not be t(X) much diluted to act. With respect 
to the quadrifid ])rocesses on the outer parts of the 
lobes, I was not able to decide whether, tliey had been 
acted on by the infusion; for the lining of proto- 
plasm was somewhat shrunk before they were im- 
mersed. JEany of the points on the infolded rims 
also had their lining of protoplasm similarly shrunk, 
and contained spherical gmnules of liyaliiie matter. 

A solution of urea was next employed. Tliis sub- 
stance was chosen jmrtly beemise it is abs<jrbed by the 
quadrifid processes and more especially by the glands 
of Utricularia — a plant which, as wo shall hereafter see, 
feeds on decayed animal matter. As urea is one of the 
last products of the chemical changes going on in the 
living body, it soem^ fitted to represent the early stages 
of the decay of the dead body. I was also led to try 
urea from a curious little fact mentioned by Prof. 
Cohn, namely that when rather large crustaceans are 
caught between the closing lobes, they are pressed so 
hard whilst making their escape that they often void 
their sausage-shaped masses of excrement, wkich w'ere 
found within most of the leaves. These masses, no 
doubt, contain urea. They would be left either on 
the broad outer surfaces of the lobes where the quad- 
rifids are situated, or within the closed concavity. In 
the latter case, water charged with excrementitious 
and decaying matter would be slowly forced outwards, 
and would bathe the quadrifids, if I am right in 
believing that the concave lobes contract after a time 
like those of. Dioncca. Foul water would also be apt 
to ooze out at all times, especially when bubbles of air 
were generated within the concavity. 

A leaf was cut open and examined, and the outer 
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cells of the glands were found to contain only limpid 
fluid. Some of tlio quadrifids included a few spherical 
granules, hut several were trans})arent and empty, and 
their positions wore marked. This leaf was now im- 
mersed in a little solution of one part of urea to 140 
of water, or three grains to the ounce. After 3 lirs. 
40 m. there was no change either in the glands or 
quadrifids ; nor was there any certain change in the 
glands after 24 hrs. ; so that, as far as one trial goes, 
urea does noit act on them in the same manner as 
an infusion of raw moat. It was difterent with the 
quadrifids; for the lining of protoplasm, instead of 
presenting a uniform texture, was now slightly shrunk, 
and exhibited in many places minute, thickened, irre- 
gular, yellowish specks and ridges, exactly like those 
wliich appear within the quadrifids of Utricularia 
wlien treated with this same solutif)n. Jloroover, several 
of the quadrifids, which were before empty, now con- 
tained moderately sized or very small, more or less 
aggregated, globules of yellowish matter, as likewise 
occurs under the same circumstances with Utricularia. 
Some of the points on the infolded margins of the 
lobes were similarly affected ; fur their lining of proto- 
plasm was a little shrunk and included yellowish 
specks ; and those which wore before empty now con- 
tained small spheres and irregular masses of hyaline 
matter, more or less aggregated; so that both the 
points on the margins and the quadrifids had absorbed 
matter from the solution in the course of 24 hrs. ; but 
to this subject 1 shall recur. In another rather old 
leaf, to which nothing had been given, but which had 
been kept in foul water, some of the quadrifids con- 
tained aggregated translucent globules. These were 
not acted on by a solution of one part of carbonate 
of ammonia to 218 of water ; and this negative result 
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agrees with what I liave observed under similar cir- 
stances with Utricularia-. 

Aldrovanda vesiculosa^ vair. australis . — Dried leaivos of 
this plant from Queensland in .lustralia were sent 
mo by Prof. 01iv(.T from the herbarium jit Kow. 
\Vhother it ought to bo considered as a distiiu^t species 
or a varictVi cannot be told until the flowers are ex- 
amined by a botanist. The projections at the ujaper 
end of the petiole (from four to six in number) are 
considerably longer relatively to the bhfflc, and much 
more atttuiuated than those of the Euro])ean form. 
Tliey are thickly covered for a considiTable space 
near their extremities with the iijKuirved prickles, 
which are quite absent in the latter form ; and they 
generally b^ar on their tips two or three straight 
prickles instead of one. The bilobed leaf appears 
also to bo rather Ina’gcr and somewhat broader, with 
the pedicel by which it is attached to the in)per end 
of the petiole a little longer. The points on the 
infolded margins likewise difler ; they have narrower 
bases, and are more pointe<l; long and short points 
also alternate with much more regularity than in the 
European form. The glands and sensitive hairs are 
similar in the two fonns. No quadrifid processes 
could be seen on several of the leaves, but 1 do not 
doubt that they were present, though indistinguish- 
able from their delicacy and from having shrivelled ; 
for they were quite distinct on one leaf under circum- 
stances presently to be mentioned. 

Some of the closed leaves contained no prey, but in 
one there was a rather large beetle, which from its 
flattened tibim 1 suppose was an aquatic species, but 
'was not allied to Colymbetes. All tlie softer tissues 
of this beetle were completely dissolved, and its chiti- 
nous integuments were os clean as if they had been 
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hoilod in caustic potash ; so that it must have been 
enclosed for a considerable time. The glands were ■ 
browiKjr and more opaque than those on other leaves 
which Imd caught nothing; and the quadrifid pro- 
cesses, from being partly filled with brown granular 
matter, could bo plainly distinguished, which was not 
the case, as already stated, on the other leaves. Some 
•of the i)oints on the infolded margins likewise con- 
tained brownish granular matter. We thus gain 
additional evidence that the glands, the quadrifid pro- 
cesses, and the marginal points, all have the power of , 
absorbing matter, though probably of a diflerent 
nature. 

Within another loaf disintegrated remnants of a 
rather small animal, not a crustticean, which had 
simple, strong, opaque mandibles, and a large unarti- 
culated chitinous coat, were present. Lumps of black 
organic matter, possibly of a vegetable nature, were 
enclosed in two other leaves; but in one of these 
there was also a small worm much decayed. But the 
nature of partitilly digested and decayed bodies, which 
have been pressed flat, long dried, and then soaked in 
water, cannot be recognised ♦easily. All the leaves 
contained unicellular aud other Algm, still of a green- 
ish colour, which had evidently lived as intruders, in 
the same manner as occurs, according to Cohn, within 
the leaves of this plant in Germany. 

Aldrovanda vesiculosa^ var. verticillaJta. — ^Dr. King, 
Superintendent of the Botanic Gardens, kindly sent 
me dried specimens collected near Calcutta. This 
form was, I believe, considered by Wallich as a distinct 
species, under the name of verticUlata. It resembles : 
the Australian form much more nearly than the Euro- 1 
pcan ; namely in the projections at the upper end of j 
the petiole being much attenuated and covered with 
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upciirvetl prickles ; they terminate also in two straight 
little prickles. The bilobed leaves are, I believe, 
larger and certainly brrmder even than those of the 
Australian form ; so that the greater (Convexity of 
their margins was eouspicnious. The length of an open 
leaf being taken at 100, the breadth of the Ikmgal 
form is nearly 173, of the Australian form 117, and 
of the CTernian 134. The ])oints on the infolded 
margins are like those in the Australian form. Of the 
;few leaves which were examined, three contained 
i entomostraean crustaceans. 

Concluding Bemarhs , — The leaves of the three fore- 
going closely allied species or varieties are manift'stly 
ada 2 )ted for catching living creatures. With r(JS])ect 
to the functions of the several 2 )arts, there can be little 
doubt that the long jointed hairs are sensitive, like 
those of Dionjca, and that, when touched, they cause 
the lobes to close. That the glands socrotp a true 
digestive fluid and afterwards absorb the digested 
matter, is highly j)roljable from the analogy of Dio- 
nma, — from the limpi<l fluid within their cells being 
aggregated into sjdiericMxl masses, after they had 
absorbed an infusion of raw meat, — from their opaque 
and granular con<lition in the leaf, which had enclosed 
a beetle for a long time, — ^and from the clean con- 
dition of the integuments of this insect, as well as 
of crustaceans (as described by Cohn), which have 
been long captured. Again, from tho eflect proiluccd 
on the quadrifid processes by an immersion for 24 hrs. 
in a solution of urea, — from the presence of brown 
granular matter within the quadrifids of the leaf in 
which the beetle hail boon caught, — and from the 
analogy of Utricularia, — it is probable that these pro- 
cesses absorb excrementitious and decaying animal 
matter. It is a more curious fact that the points on 
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the infolded margins apparently serve to absorb de- 
cayed animal matter in the same dnanncr os the quad- 
rihds. We can thus understand the meaning of the 
infolded margins of the lobes furnished with delicate 
points directed inwards, and of the broad, flat, outer 
jwrtions, bearing quadrifid processes ; for these sur- 
faces must be liable to bo irrigated by foul water 
flowing from the concavity of the leaf when it con- 
tains dead animals. This would follow from various 
causes,— from the gradual contmetion of the concavity, 
—from fluid in excess being secreted,— and from the 
generation of bubbles of air. More observations arc 
re(|ui8ito on this head; but if this view is correct, we 
have the j:cmarkable case of different parts of the 
same leaf serving for very different purposes— one 
part for true digestion, and another for the absorption 
of decayed animal matter. Weican thus also under- 
stand how', by the gradual loss of cither power, a plant 
might be gradually adapted for the one function to 
the exclusion of the other; and it will hereafter be 
shown that two genera, namely Piiiguicula and Utri- 
cularia, belonging to the same family, have been 
adapted for these two different functions. 
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ClIArXEE XV. 

Dhosophyi.itm — Rj)rii)ui.a — Ryrlis — (Jlaxdvi.au Hairs op other 
Plants — Conclvding Remarks on the DuosEiiACEiE. 

Drosophylluiu — Structun* of leiivos — Nuturt* of tlit* sfcn-tion — Man- 
ner of patching insects —Power of a1>sr)ri>tioii — Digestion of animal 
siilistances — Summary on Drosopliyllnm — lioriduhi — IJyblis — 
Olumliilar liairs of otiier plants, their power of uhsorption — Saxi- 
frusfa — Primula — Pelargonium — Erica — Mirahilis — N'ieotiuna 
— Suminary on glandular hairs — Concluding remarks on the Dro- 
seniceaj. 

Drosophyllum lusitanicum. — T his rare plant has 
been found only in Portugal, and, as I hear from 
Dr, Hooker, in Morocco, I obtained living specimens 
through the groat kindness of Jfr. W. C. Tait, and 
afterwards from 3[r. G. ^faw ami ] )r. Moore. Mr. Tait 
informs me that it grows plentifully on the sides of 
dry hills near Oporto, and that vast numbers of flies 
adhere to the leaves. This latter fact is well known 
to the villagers, who call the plant the “ fly-catcher,” 
and hang it up in tlnnr cottages for this purpose. A 
plant in my hot-house caught so many ins(»ds during 
the early part of April, although the weather was 
cold and insects scarce, that it must have been in 
some manner strongly attractive to them. On four 
leaves of a young and small plant, 8, 10, 14, and 
16 minute insects, chiefly Diptera, were found in the 
autumn adhering to them. I neglected to examine 
the roots, but I hear from Dr. Hooker that they arc 
very small, as in the case of the previously men- 
tioned members of the same family of the Droseraccro. 
The leaves arise from an almost woody axis ; they 
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arc linear, mueli attenuated towards their tips, and 
several inclies in length. The ii|)per surface is con- 
cave, the low<^r convex, with a narrow channel down 
the middle. IJoth Surfaces, with the exception of the 
chauncjl, ar(5 covcjred with glands, supported on pedicels 
and arranged in irregular longitudinal rows. These 
organs I shall call tontaedes, from their close resem- 
hlaiice to those of Drosera, though they have no power 
of movement. Those on the sjune leaf difler much in 
length, liic glands also differ in size, and are of a 
bright pink or of a purple f;olour; their upper sur- 
fjices are conv(*x, and the low'cr flat or even concave, 
so that they resemble miniature mushrooms in appear- 
ance. They are formed of two (as I believe) layers 
of delicate angular cells, onedosing eight or ten larger 
cells with thicker, zigzag walls. Within these larger 
<3tdls there are others marked *by spiral lines, and 
apj'arently coniujctcd with the spiral 
vessels which run up the green multi- 
(•ellular pedicels. The glands secrete 
Iarg(5 droj)s*of viscid secretion. Other 
glands, having the Siime general 
appearance, are found on the flower- 
peduncles and calyx. 

liesides the ghuids wliich are borne 
on longer or shdrtcr i)ediccds, there 
are numerous ones, both on the upi)er 
and lower surfaces of the leaves, so 
small as to bo scarcely visible to the 
naked eye. They arc colourless and 
almost sessile, cither circular or oval 
in outline ; the latter occurring chiefly 
on the backs of the leaves (fig. 14). 

Internally they have exactly the same structure as 
the larger glands which are supported on pedicels ; 
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and indeed the two sets almost graduate into one 
another. But the sessile glands difler in one im- 
portant respect, ^or they never secrete sjjontaneously, 
as far as I have seen, though I have examined 
them under a high power on a hot day, whilst 
the glands on pedicels w’ere secreting coj)iou8ly. 
ITevertholess, if little bits of damp albumen or fibrin 
are placed on these sessile glands, tliey begin aft(‘r a 
time to secrete, in the same manner as do the glands 
of Dionjea when similarly treated. AVhen they were 
merely rubbed with a bit of raw meat, I believe that 
they likewise secreted. Both the sessile glands and 
the taller ones on pedicels have tlio i)ower of rapidly 
absorbing nitrogenous matter. 

The secretion from the taller glands differs in a 
remarkable manner from that of Drosera, in Ixung acid 
before the glands have been in any way excited ; and 
judging from the clianged colour of litmus paper, more 
strongly aend than that of Drosera. This fact was 
observed repeatedly ; on one occasion I chose a young 
leaf, which was not accreting freely, and* had never 
caught an insect, yet the secretion on all the glands 
coloured litmus paper of a bright red. From the 
quickness with which the glands arc able to obtain 
animal matter from such substances as well-washed 
fibrin and cartilage, I suspect that a small quantity of 
the proper ferment must be present in the secretion 
before the glands are excited, so that a little animal 
matter is quickly dissolved. 

Owing to the nature oi the secretion or to the shape 
of the glands, the drops arc removed from them with 
singular facility. It is even somewhat difficult, by 
the aid of a finely pointed polished needle, slightly 
daifiped with water, to place a minute particle of any 
kind on one of the drops; for on withdrawing the 
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needle, the drop is generally withdrawn ; whereas with 
Drosera there is no such diflficiilty, though the drops 
are occasionally withdrawn. Prom this peculiarity, 
when a small insect alights on a leaf of Drosophyllum, 
the drops adhere to its wings, feet, or body, and are 
drawn from the gland ; the insect then crawls onward 
and otlier drops adlicre to it ; so that at last, bathed 
by the viscid secretion, it sinks down and dies, resting 
on the small sessile glands with which the surface of 
the leaf is thickly covered. In the case of Drosera, 
an ins(ict sticking to one or more of the exterior 
glands is carried by their movement to the centre of 
the loaf; with Drosophyllum, this is effected by the 
crawling of the insect, as from its wings being clogged 
by the secretion it cannot fly away. 

There is another difference in function between the 
glands of these two plants : we ktiow that the glands 
of Drosera secrete iijore copiously when properly 
excited. But when minute particles of carbonate of 
ammonia, drops of a solution of this salt or of the 
nitrate of ammonia, saliva, small insects, bits of raw 
or roast meat, albumen, fibrin or cartilage; as well as 
inorganic particles, were placed on the glands of Dro- 
sophyllum, the amount of secretion never appeared to 
be in the least increased. As insects do not commonly 
adhere to the taller glands, but withdraw the secretion, 
we can see that there would be little use in their 
having acquired the habit of secreting copiously when 
stimulated ; whereas 'with Drosera this is of use, and 
the habit has been acquired. Nevertheless, the glands 
of Drosophyllum, without being stimulated, continu- 
ally secrete, so as to replace the loss by evaporation. 
Thus when a plant was placed under a small bell- 
glass with its inner surface and support thoroughl^r 
wetted, there was no loss by evaporation, and so much 
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secretion was accumulated in the course of a day that 
it rail down the tentacles and covered largo sjiaces of 
the leaves. 

The glands to which the above named nitrogenous 
substane(?s and liquids were given did not, as just 
stated, secrete more cojiiously; on the contrary, they 
absorbed their own drops of secretion with surprising 
quickness. Bits of damp fibrin were placed on live 
glands, and when they were looked at after an interval 
of 1 hr. 12 in., the libriu was almost dry, the secre- 
tion having been all absorbed. So it was witli three 
cubes of albumen after 1 hr. 19 m.,and with four other 
cubes, though these latt(?r were not looked at until 
2 hrs. 15 m. had elaiiscid. The same result followed 
in between 1 hr. 15 m. and 1 hr. 30 m. when particles 
both of cartilage and meat were placed on several 
glands. Lastly, a iriinutc drop (about -Jo a minim) 
of a solution of one part of nitrate of ammonia to 
140 of water was distributed between the se<.*rotion 
surrounding three glands, so that the amount of fluid 
surrounding each was slightly increased ; yet when 
looked at after 2 hrs., all three were dry. On the 
otlicr hand, seven particles of glass and three of coal- 
cinders, of nearly the same size as those of the above 
named orgiiiiic substances, were placed on ten glands ; 
some of them being observed for 18 hrs., and others 
for two or three days ; but there was not tlie least 
sign of the ’secretion being absorbed. Hence, in the 
former cjises, the absorption of the secretion must 
have been due to the presence of some nitrogenous 
matter, which was either already soluble or was ren- 
dered so by the secretion. As the fibrin was pure, 
and liad been well washed in distilled wat(?r after 
bBing kept in glycerine, and as the cartilage had been 
soaked in water, I suspect that these substances must 
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have been slightly acted on and rendered soluble 
within the above stated short periods. 

The glands have not only the power of rapid absorp- 
tion, but likewise of secreting again quickly ; and this 
latter habit has perhaps been gained, inasmuch as 
insects, if they touch the glands, generally withdraw the 
drops of secretion, which have to be restored. The exact 
period of re-secretion was’recorded in only a few cases. 
The glands on wliicli bits of meat wor(i placed, and which 
were nearly dry after about 1 hr. 30 in., when looked 
at after 22 additional hours, were found secreting ; so 
it was after 24 lirs. with one gland on which a bit 
of albumen had been placed. The three glands to 
which a minute drop of a solution of nitrate of 
ammonia was distributed, and which became dry after 
2 hrs., wi^re beginning to re-seerete after only 12 addi- 
tional hours. • 

Tmtacles Ineapahle of Movement , — ^faiiy of the tall 
tentaclijs, with insects adhering to them, wore care- 
fully observed ; and fragments of insects, bits of raw 
meat, albumen, &c., drops of a solution of two salts 
of ammonia and of saliva, were placed on the glands 
of many tentacles ; but not a trace of movement could 
ever bo detected. I also rejicatodly irritated the 
glands with a needle, and scratched and pricke<l the 
blades, but neither the blade nor the tentacles became 
at all inflected. Wo may therefore conclude that 
they are incapable of movement. 

On the Power of Absorption possessed by the Glands , — 
It has already been indire(;tly show'ii that the glands 
on pedicels aWrb animal matter ; and this is further 
shown by their changed colour, and by the aggregation 
of their contents, after they have been left in contact 
with nitrogenous substances or liquids. The following 
observations apply both to the glands supported on 
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pedicels and to the minute sessile ones. Before a 
gland has been in any way stimulated, the exterior cells 
commonly contain only limpid purple fluid ; the more 
central ones including mull)erry-like masses of purple 
granular matter. A leaf was jJaced in a little solution 
of one j)art of (carbonate of ammonia to 146 of water (3 
grs. to 1 oz.), and the glands were instantly darkt»iied 
and very soon became black ; this change being due 
to the strongly marked aggregation of their contcuits, 
more especially of the inner cells. Another l&if was 
placed in a solution of the same strength of nitrate of 
ammonia, and the glands were slightly darkened in 
25 m., more so in 50 m., and after 1 hr. 30 m. wc^re of 
so dark a ro<l as to appear almost black. Other leaves 
were placed in a weak infusion of raw m(‘at and in 
human saliva, and the glands were nnudi darkened in 
25 m., and after 40 m. were so dark as almost to 
deserve to be called black. Even immersion for a 
whole day in distilled water occasionally induces some 
aggregation within the glands, so that they become of 
a darker tint. In all these cases the glands are 
affected in exactly the same manner as those of 
Drosera. 31 ilk, however, which acts so energetically 
on lIrost?ra, seems rather less eflective on Droso- 
phylliim, for the glands were only slightly darkened 
by an immersion of 1 hr. 20 m., but became decidedly 
darker after 3 hrs. Leaves wliich had been left for 
7 hrs. in an infusion of raw meat or in saliva were 
placed in the solution of carbonate of ammonia, and 
the glands now became greenish; whereas, if they 
had been first placed in the (sarbonate, they would 
have become black. In this latter case, the ammonia 
probably combines with the acid of the secretion, 
4tnd therefore does not act on the colouring matter ; 
but when the glands are first subjected to an organic 
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fluid, either the acid is consumed in the work of di- 
gestion or the cell-walls are rendered more permeable, 
so that the undocomposed carbonate enters and acts 
on tho colouring matter. If a particle of the dry 
(jarbonato is placed on a gland, the purple colour is 
quickly discharged, owing probably to an excess of the 
sak. The gland, moreover, is killed. 

Turning now to the ac^tion of organic substances, 
the glands on whi(;h bits of raw meat were placed 
became dark-coloured ; and in 18 lirs. their con- 
tents were consi)icuoiisly aggregated. Several glands 
with bits of albumen and libriu were darkened in 
between 2 lirs. and 3 hrs. ; but in one case tin* 
purph^ <*olour was completely discharged. Some 
glands which had caught flies were compared with 
others close by ; and though they did not differ much 
in colour, there wus a marked difference in their state 
of aggregation. In some few' instances, how ever, th<?re 
was no such difference, and this appeared to be due 
to the insects having been caught long ago, so that 
tho glands had recovered their pristine state. In onc‘ 
case, a group of the sessile colourless glands, to which 
a small fly adhered, presented a peculiar appearaYice ; 
for they had become purple, owing to purple granular 
matter coating tho cell-walls. I may here mention 
as a caution that, soon after some of my plants arrived 
in the spring from Portugal, the glands were not 
plainly acted on by bits of moat, or insects, or a 
solution of ammonia — a circumstance for which I 
cannot account. 

Digestion of Solid Animal Matter. — Whilst I was 
trying to place on two of the taller glands little cubes 
of albumen, these slipped down, and, besmeared with 
secretion, were left resting on some of the small sessih^ 
glands. After 24 hrs. one of these cubes was found 
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<*oinpI(4oly liquoliod, but with tt few white streaks 
still visible ; the other was mueh rouiuled, but not 
quite dissolved. Two other cubes were left on tall 
glands for 2 lirs. 45 in., by which time all the S(*i.ti- 
tion was absorbed ; but they were not ‘perceptibly 
acted on, though no doubt some slight amount of 
animal matter had been absorbed from them. Tljgy 
w<»re then placed on the small sessile glands, whicli 
bi'ing thus stimulated secretcKl co])iously in tlu* 
<Mmrs«‘ of 7 hrs. One of these cubes was mu<*h 
liqiieiied within this short tiim^ ; and both W(*ro com- 
phqely liquefied after 21 hrs. 15 m. ; th(‘ litth' litpiid 
ma.sses, however, still showing some white streaks. 
These streaks disa})peared after an additional p(‘riod 
of 0 hrs. 30 in,; and by next morning (i.e. 48 hrs. 
from the time when the cubes were first pljk*ed on 
the glands) tlio liqubfled matter was wholly absorlxid. 
A cube of albumen was loft on another tall gland, 
which first absorbed the secretion and after 24 hrs. 
poiinMl forth a fresh supidy. This cAibc', now sur- 
rounded by secretion, was left on the gland for an 
additional 24 hrs., but was very little, if at all, act(‘d 
on. 'Wo may, th<?refore, conclude, either that the 
secretion from the tall glamls has little ])ower of dig(‘s- 
tion, though strongly acid, or that the amount pour<*d 
forth from a single gland is insufficient to dissolve a 
particle of albumen which within the same time would 
have been dissolvcid by the secretion from several of the 
small sessile glands. Owing to the death of my last 
plant, [ was unable to ascertain which of these alter- 
natives is the true om;. 

Four minute shreds of pure fibrin were placed, 
each resting on one, two, or three of the taller glands. 
In the course of 2 hrs. 30 m. the secretion was all 
absorbed, and the shreds were left almost dry. They 
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wore tlion pusliod on to the sessile glands. One shred, 
aft(‘r 2 hrs. 30 m., seemed quite dissolved, but this may 
liave Iwjen a mistake. A second, when examined after 
1.7 hrs. 23 m., was liquefied, but the liquid as ■seen 
under the microscope still contained floating granules 
of fibrin. The other two shreds were completely 
li([U(*fied after 21 hrs. 30 m.; but in one of the drops 
a very fljw granules could still be detected. These, 
however, w(?ro dissolved after an additional interval 
of 0 hrs. 30 in. ; and the surface of the leaf for some 
distance all round was cove^red with limpid fluid. It 
thus a])]»ears that Drosophyllum digests albumen 
and fibrin rather more quickly than Drosera can; 
and this may jierhaps be attributed to the acid, 
tog(»th(?r probably with some small amount of the 
ferment, being present in the secretion, before tlnj 
glainls have been stimulated ; so ihat digestion begins 
at once. 

Concluding Itemarlis . — The linear loaves of Droso- 
idiylluin differ but slightly from those of certain 
species of Drosera ; the chief difterencos being, firstly, 
the presence of minute, almost sessile, glands, which, 
like? those of Oiona'a, do not secrete until they are 
excited by the absorption of nitrogenous matter. But 
glands of this kind are present on the leaves of 
Dromra linata, and appear to be represented by the 
papilla? on the leaves of Drosera rotundifolia. Secondly, 
the presence of tentacles on the backs of the leaves ; 
but we have seen that a few tentacles, irregularly placed 
and tending towards abortion, are retainer! on the 
backs of the loaves of Drosera hinata. There are 
greater diflorences in function between the two ge- 
nera. The most important one is that the tentacles 
of Drosophyllum have no power of movement; this 
loss being partially replaced by the drops of viscid 
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soeretioii being readily witlidrawn from the glands ; so 
that, when an insect connis into contact with a drop, 
it is able to crawl aAvay, but soon touches other drops, 
and then, smothered by the secretion, sinks down on 
the sessile glands and di(‘S. Another difference is, 
that the secretion from the tall glands, before they 
have been in any way cxcite<l, is strongly acid, and 
perhaps contains a small quantity of the proper 
ferment. Again, these glands flo not secrete more 
coj)ioiisIy from being oxcitrd by tlio absorption of 
nitrogenous matter ; on the contrary, tlicy then absorb 
their own secretion with extraordinary quickness. In 
a short time they begin to secrete again. All these 
circumstances are i^robably connciited with ^he fact 
that insects do not commonly adhere to the glands 
with which they first come into contact, though this 
docs sometimes occur; and that it is chiefly tlie se- 
<!retion from the sessile glands which dissolves animal 
matter out of their bodies. 

liORIDULA. 

Ro}nduIa deniata , — This plant, a native of the wcjstorn 
l>arts of the Cape of Good Hope, was sent to me in a 
dried state from Kew. It has an almost woody stem 
and branches, and apjiarently grows to a height of 
some feet. The leaves are linear, with their summits 
much attenuated. Their upper and lower surfaces 
are concave, with a ridge in the middle, and both are 
<x)vered with tentacles, which differ greatly in length ; 
some being very long, especially those on the tii>8 
of the leaves, and some very short. The glands also 
differ much in size and are somewhat elongated. 
They are supported on multicellular pedic(ds. 

This plant, therefore, agrees in several respects with 
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Drosophyllum, but differs in the following points. I 
could detect no sessile glands ; nor would these have 
be(5a of any use, as the upper surface of the leaves is 
thickly clotlied with pointed, unicellular hairs directed 
upwards. The pedicels of the tentacles do not include 
spiral vessels ; nor are there any spiral cells within the 
glands. The leaves often arise in tufts and are pin- 
initiiid, the divisions projecting at right angles to the 
main linear blade. These lateral divisions are often 
very short and bear only a single terminal tentacle, 
with one or two short ones on the sides. No distinct 
line of demansation can bo drawn between the pedi- 
cels of the long terminal tentacles and the much 
attenuated summits of the loaves. We may, indeed, 
arbitrarily llx on the j)oint to which the spiral vessels 
proce(3ding from the blade extend ; but there is no 
other distinction. 

It Wits evident from the many particles of dirt stick- 
ing to the glands that they secrete much viscid matter, 
A large number of insetjts of many kinds also adhered 
to the leaves. I could no^vhere discover any signs 
of the tentacles having been inflected over the cap- 
tured insects ; and this probably w ould have been seen 
even in the dried specimens, had they possessed the 
power of movement. Hence, in this negative cha- 
racter, lloridula resembles its northern representative, 
Drosophyllum. 


Byblis. 

ByUis giganiea (Western Australia). — A dried 
specimen, about 18 inches in height, with a strong 
stem, was sent me from Kew. The leaves are 
some inches in length, linear, slightly flattened, with 
a small projecting rib on the lower surface. They 
are covered on all sides by glands of two kinds 
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— sessile ones arranged in rows, and others sup- 
ported on moderately long pcnlicols. Towsixds the 
narrow summits of the leaves the jiedicels are longer 
than elsewhi‘re, and hero equal the diameter of the 
leaf. The glands are ])urplish, much flattened, and 
formed of a single layer of radiating etdls, which in 
the largc'r glands arc^ from forty to lifty in number. 
The pedicels consist of single elongattjd cells, with 
colourless, extremely dcdicfate walls, marked with the 
flnest int<»rseeting s]ural lines. AVhether these lines 
are the result of eontraetion from the drying of the 
walls, I do not know, but tins whole pedicel was oft(»n 
spirally rolled up. These glandular hairs arc far more 
simple in structure than the so-called t(;ntach‘s of tho 
preceding geiu^ra, and they do not difler essentially 
from those borne by innuiuerable other plants. The 
flower-peduneh?s bear siniillir glands. Tho most sin- 
gular character uljout tlu^ leaves is that tluj^apex is 
enlarged int<i a little knob, covered witli glands, and 
about a third broader than the adjoining part of tho 
attenuated leaf. In two phices dead flics adhered to 
tlni glands. As no instance is known of unicellular 
structures having any jM)wcr of movement,* Byblis, 
no doubt, catches insects solely by the aid of its 
viscid secretion. These probably sink down besmeared 
with the secretion and rest on tho small sessile glands, 
which, if wo may judge by the analogy of Droso- 
jihyllum, then pour fourth their secretion and after- 
wards absorb the digested matt(»r. 

Supplementary Ohservationa on the Power of Ahaorp^ 
tion hy the Glandular llaira of other Plania.—K few 
observations on this subject may bo here conveniently 
introduced. As tho glands of many, probably of all. 


* Sachs, * Traite do Dot.* 3rd edit. 1874, p. 1026. 
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the species of Droseraceae absorb various fluids or 
at least' allow them readily to enter,* it seemed desir- 
able to ascertain how far the glands of other plants 
which arc not specially adapted for cajituriiig insects, 
had the same power. Plants were chosen for trial 
at liazard, with tlic exception of two species of saxi- 
frage, wliicli wore selected from belonging, to a family 
alli(Ml to tlio J )roserac(?a!. Most of the experiments 
w()ro ma<lo by immersing the glands eith(T in an in- 
fusion of raw meat or more commonly in a solution of 
carbonate of ammonia, as this latter substance acts so 
powerfully and ra])idly on protoplasm. It seemed also 
particularly desirable to jisccrtain whether ammonia 
was absorbed, as a small amount is contained in rain- 
water. With the Drosenmeai the secretion of a viscid 
fluid by the glands does not prevent their absorbing ; so 
that the glands of other plants might excrete super- 
fluous blatter, or secrete an odoriferous fluid as a 
prote(?tion against the attacks of insects, or for any other 
purpose?, and yet have the power of absorbing. I 
regret that in the fldlowing cases I did not try whether 
the secretion could digest or render soluble animal 
substances, but such experiments would have been 
difficult on account of the small size of the glands 
and the small amount of secretion. We shall sec in 
the next chapter that the secretion from the glandular 
hairs of Pingiiiciila certainly dissolves animal matter. 

Sttxi/roffa nmhrosa, — The flower-peduncles and petioles of the ■ 
leaves are clothed with short hairs, bearing pink-coloured glands, I 
formed of several polygonal colls, with their pedicels divided by ^ 
partitions into distinct cells, w'hich are generally colourless, but 
sometimes pink. The glands secrete a yellowish viscid fluid, by | 

* The distinction between true clearly nndorRtood : see Muller’s 
absorption %nd mere permeation, ‘ Physioloj^nr,’ Eng. translat. 1838 , 
or imbibition, is by no means vol. i. p. 280. 
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^which minute Diptera are sometimes, though not often, caught,* 
The cells of the glands contain bright pink fluid, charged with 
gnmules or with globular masses of pinkish pulpy matter. This 
matter must be protoplasm, for it is seen to undergo slow but 
incessant changes of form if a gland 1x5 placed in a drop of 
water and examined. Similar movements were ol)scrved after 
glands liad been immersed in w’ater for 1, 3, 5, 18, and 27 hrs. 
Even after this latter pt^riixl the glands retained their bright 
pink colour; and the protoplasm within their cells did not 
appear to liavo become more aggregated. The continually 
changing forms of tlio little masses of protoplasm arc not due to 
the absorption of water, a.s they urerc seen in glands kept dry. 
i A flower-stem, still attached to a plant, was lx)nt (May 29) 
so as to remain immersed for 23 hrs. 30 m. in a strong infusion 
' of raw meat. The colour of the contents of the glands was 
slightly changed, being now of a duller and more purple tint 
than before. Tlio contents also appeared more aggregated, for 
the .space.s between the little masses of proto])lasm were wider ; 
but this latter rasult did not folknv in some other and similar 
experiments. The masses seemed to change their forms more 
rapidly than did those in wate:^^ so that the colls had a differ- 
ent appearance every four or five minutes. Elongated masses 
became in the course of one or tw’o minutes spherical; and 
spherical ones drew themselves out and united with otliers. 
Minute masses rapidly increased in size, and three distinct 
..ones were seen to unite. The movements were, in short, 
exactly lil^ those described in the case of Droscra. The cells 
of the pedicels were not affected by the infusion ; nor were they 
in the following experiment. 

Another fiower-stem was placed in the same manner and for 
the same length of time in a solution of one part of nitrate of 
ammonia to 146 of water (or 3 grs. to 1 oz.), and the glands 
were discoloured in exactly the same manner as by the infusion 
of raw meat 

Another flower-stem was immersed, as before, in a solution of 
one part of carbonate of ammonia to 109 of water. The glands, 
after 1 hr. 30 m., were not discoloured, but after 3 hrs. 46 m. 
most of them had become dull purple, some of them blackish- 


* In tho cfiMo of Saxi/raga tri- stfinco remnants of insects ad- 
dwitylites, Mr. Druce says (‘ Phatr- Iiercd to the Ifaves. Ho it is, as 

maceutical Journal/ May 1875) I hoar from a friend, with this 

that he examined some dozens of plant in Ireland. • 
plants, and in almost every in- 
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green, a few being still unaffec^d. The little masses of proto- 
plasm within the cells were seen in movement. U'he cells of tho 
I^dicels were unaltered. Tho experiment was repeated, and a 
fresh flower-stem was left for 23 lirs. in the solution, and now a 
great effect was produced ; all the glands w'ero much blackened^ 
and tho ])reviously transparent fluid in the cells of tho pedicels, 
even down to their bases, contained splierical masses of granular 
matter. By comparing many different hairs, it was evident that 
the glands first absorb the carbonate, and that the effect thus 
produced travels down the hairs from cell to cell. Tho first 
change wliich could be observed is a cloudy appearance in the 
fluid, due to tho formation of very fine granules, which after- 
wards aggregate into larger masses. Altogether, in the darken- 
ing of the glands, and in the process of aggregation travelling 
down the cells of the iiediccls, there is the closest resemblance 
to what takes place when a tentacle of Droscra is immersed in 
a weak solution of the same salt. The glands, however, absorb 
very much more slowly than those of Drosera. Besides the 
glandular hairs, there am star-shaped organs which do not 
appear to secrete, and which w'cre not in the least affected by 
the above solutions. * 

Although in the case of uninjureef flower-stems and leaves 
the carbonate seems to be absorbed only by tho glands, yet 
it enters a cut surface much more quickly than a gland. Strips 
of tho rind of a flower-stem were tom off, and the cells of the 
pedicels were seen to contain only colourless transparent fluid ; 
those of tho glands including as usual some gitiiii^ar matter. 
These strips were then immersed in the same solution as before 
(one part of the carbonate to 109 of water), and in a few 
minutes granular matter appeared in the lower cells of all the 
pedicels. The action invariably commenced (for I tried the 
experiment repeatedly) in the lowest cells, and therefore close 
to tlio torn surface, and then gradually travelled up the hairs 
until it reached tho glands, in a revei'sed direction to what 
occurs in uninjured specimens. The glands then became dis- 
coloured, and t])0 previously contained granular matter was 
Aggi^gi^ted into larger mosses. Two short bits of a flower-stem 
were also left for 2 hrs. 40 m. in a weaker solution of one part 
of the carbonate to 218 of wutcr ; and in lioth specimens tho 
pedicels of the hairs near tho cut ends now contained much 
granular matter ; and the glands were completely discoloured. 

Lastly, bits of meat were placed on some glands ; those were 
examined after 23 hrs., as were others, which hod apparently 
not long before caught minute flies ; but they did not present any 
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difference from tbc glands of other hairs. Perliaps there may 
not have been time enough for absorption. 1 think so as some 
glands, on 'which dead flics had evidently long lain, were of a 
pale dirty purido colour or even almost colourless, and the 
granular matter within them presented an unusual and somn- 
. what peculiar appearance. That these glands had absorbed 
, animal matter from the flics, probably by exosmoso into tho 
: viscid secretion, we may infer, not only from their changed 
' colour, but l)ccausc, when ])laced in a solution of carl)onatc of 
ammonia, some of the cells in their ))(*dicol8 become JilM with 
granular matter ; ivhcreas the cells of other hairs, which had 
not caught flies, after being treated with the same solution for 
the same length of time, contained only a small quantity 
]of granular matter. But more evidence is necessary l>cfore we 
I fully admit that the glands of this saxifrage can absorb, even 
with ample time allowed, animal matter from the minute 
insects which tliey occasionally and accidentally capture. 

Finj i/fifja (?). — Tho hairs on the llow(*r-stcms of 

this species are longer than those jnst described, and bear pale 
brown glands. Many were examined, and tho cells of tho 
pedicels were quite transparent. A l)ent stem was. immersed 
for 30 m. in a solution of one part of carlx)nato of ammonia to 
101) of water, and two or three of the uppermost colls in the 
pedicels now contained granular or aggregated matter; tho 
j glands having become of a bright yclIowish-grcen. The glands 
of tliis si)ccic8 therefore absorb the carl>onatc much more 
! quickly th^n do those of Saxi/raya umhrosa, and the upper 
cells of the pedicels are likewise affected much more quickly. 
Pieces of the stem were cut off and immersed in the samo 
solution ; and now the process of aggregation travelled up the 
hairs in a reversed direction; 'tho cells close to the cut sur- 
faces being first affected. 

I Frimula sinensia. — The flower-stems, the upper and lower sur- 
I faces of tho leaves and their footstalks, are all clothed with a 
I multitude of longer and shorter hairs. Tho pedicels of tho 
longer hairs are divided by transverse partitions into eight or 
. nine cells. Tho enlarged terminal cell is globular, forming a 
gland which secretes a variable amount of thick, slightly viscid, 

I ' not acid, brownish-yellow matter. 

A piece of a young flowcr-stcm was first immersed in distilled 
water for 2 hrs. 30 m., and tho glandular haira were not at all 
affected. Another piece, hearing twenty-five short and nine 
long hairs, was carefully examined. Tho glands of tho latter 
contained no solid or semi-solid matter; and thoso of only two 
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of tlie twcnty-fivo short hairs contained some globules. This 
piece was then immersed for 2 hrs. in a solution of one part of 
carbonate of ammonia to 109 of water, and now the glands of 
the twenty-five shorter hairs, with two or three exceptions, con- 
tained cither one largo or from two to five smaller spherical 
masses of semi-solid matter. Three of the glands of the nine long 
hairs likewise included similar masses. In a few hairs there 
were also globules in the cells immediately beneath the glands. 
Looking to all thirty-four hairs, there could be no doubt that 
the glands had absorbed some of the carbonate. Another piece 
was left for only 1 hr. in the same solution, and aggregated 
matter appeared in all the glands. • My son Francis examined 
some glands of the longer hairs, which contained little masses 
of matter, l)C3fore they were immersed in any solution; and 
these masses slowly cliauged their forms, so that no doubt they 
consisted of in*otoplasm. He then irrigated these hairs for 1 hr. 
15 m., whilst under the microscope, with a solution of one part of 
the carlxniate to 218 of water ; the glands were not perceptibly 
affected, nor could this have l)ocn oxiJcctod, as their contents were 
already aggregated. But in the cells of the ixidicels numerous, 
almost colourless, si)hcrcs of matter a()pearcd, which changed 
their forms and slowly coalesced ; the appearance of the cells 
being thus totally changed at successive intervals of time. 

The glands on a young flower-stem, after having been left 
for 2 hrs. 45 ni. in a strong solution of one part of the carbonate 
to 109 of water, contained an abundance of aggregated masses, 
but whether generftted by the action of tlic salt,*I do not 
know. This piece was again placed in the solution, so that 
it was immersed altogether for 6 In’s. 15 m., and now there was 
a great change ; for almost all the splicrical masses within 
the gland'Cells had disappeared, being replaced by granular 
matter of a darker brown. The experiment was thrice re- 
peated with nearly the same result. On one occasion the piece 
was left immersed for 8 hrs. 80 m., and though almost all the 
spherical masses were changed into the brow n granular matter, 
a few» still remained. If the splicrical masses of aggregated 
matter had been originally produced merely by some chemical 
or physical action, it seems strange that a somewhat longer 
immersion in the same solution should so completely alter 
their character. But as the masses which slowly and 
spontaneously changed their forms must have consisted of 
living protoplasm, there is nothing surprising in its being 
injured or killed, and its appearance w’holly changed by long 
immersion in so strong a solution of the carbonate as that 
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employed. A solution of this strcnj^th paralyses all moYcincnt 
in Drosera, but does not kill the protoplasm ; a still stronger 
solution prevents the protoplasm from 'aggregating into the 
ordinary full-sized globular musses, and these, though they 
do not disintegrate, bceomo granular and ojiaque. In nearly 
the same manner, too hot water and certain solutions (for 
instance, of the salts of soila and ]K>ta8h) cause at first an 
imperfect kind of aggregation in the cells of Drosera ; the little 
masses afterwards breaking up into granular or pulpy brown 
matter. All the foregoing experiments were made on flower- 
stems, but a piece of a leaf was immersed tor 30 m. in a strong 
solution of tlie carbonate (one part to 109 of water), and little 
globular masses of matter appeared in all the glands, which 
before contained only limpid fluid. 

I made also several exiieriments on the action of the vapour 
of the carbonate on the glands ; but will give only a few cases. 
The cut end of the footstalk of a young leaf was protected with 
sealing-wax, and was then placed under a small liell-glass, with 
a largo pinch of the carl^onate. After 10 m. the glands showed 
a considerable degree of aggregation, ami the protoplasm lining 
the cells of the pcdicelfi was a little separated from tlie walls. 
Another leaf was left for 50 m. with the same result, cxiiepting 
that the hairs became throughout their whole length of a 
brownish colour, lii a third leaf, which was cxix>sed for 1 hr. 
50 m., there was much aggregated matter in the glands ; and 
some of tlie masses showed signs of breaking up into brown 
granular matter. This loaf was again pfaced in the vapour, 
so that it was exposed altogether for 5 hrs. 30 m. ; and now, 
though I examined a largo number of .glands, aggregated 
masses were found in only two or three; in all the others, 
the masses, which iK-fore had been globular, were converted 
into brown, opaque, granular matter. We thus sec that 
cxi)osurc to the vaiKiur for a considerable time produces the same 
effects as long immersion in a strong solution. In both cases 
there could hardly bo a doubt that the salt had been absorbed 
chiefly or exclusively by the glands. 

On another occasion bits of damp fibrin, drops of a weak in- 
fusion of raw meat and of water, were left for 24 hrs. on some 
leaves ; the hairs.wcro then examined, but to my surprise differed 
in no respect from others which had not been touched by these 
fluids. Most of the cells, however, included hyaline, motionless 
little spheres, which did not seem to consist of protoplasm, 
but, I suppose, of some balsam or essential oil. 

rdargonium zonaU (var. edged with white).— The leaves 
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are clothed with numerous multicellular hairs; some simply 
pointed ; others bearing glandular heads, and differing much in 
length. The glands on a piece of leaf were examined and found 
to contain only limpid fluid; most of the water was removed 
from beneath the covering glass, and a minute drop of one part 
of carbonate of ammonia to 146 of water was added ; so that an 
extremely small dose was given. After an interval of only 3 m. 
there were signs of aggregation within the glands of the shorter 
liairs ; and after 5 m. many small globules of a pale brown tint 
appeared in all of them; similar globules, but larger, being 
found in the largo glands of ^he longer hairs. After the speci- 
men had been left for 1 lir. in the solution, many of the smaller 
globules had changed their positions; and two or tliree vacuoles 
or small spheres (for I know not which they were) of a rather 
darker tint appeared within some of the larger globules. 
Little globules could now bo seen in some of the uppermost 
cells of the ijediccls, and the protoplasmic lining was slightly 
separated from the walls of the lower cells. After 2 lirs. 30 m. 
from the time of first immersion, the large globules within 
the glands of the longer liairs were converted into masses of 
darker broven granular matter. Hence from what we have seen 
with PrhHufa ninensis, there can be little doubt that these 
masses originally consisted of lifing protoplasm. 

Axirop of a weak infusion of raw meat was placed on a leaf, 
and after 2 hrs. 30 ni. many spheres could be seen within the 
glands. Those spheres, when looked at again after 30 m., had 
slightly changed their positions and forms, and one had sepa- 
rated into two ; but the changes were not quite like those which 
the protoplasm of Drosera undergoes. These hairs, moreover, 
had not been examined before immersion, and there were similar 
spheres in some glands which hod not been touched by the 
infusion. 

Erica tetnilU. — A few long glandular hairs project from the 
margins of the upper surfaces of the leaves. The pedicels are 
formed of several rows of cells, and support rather lor^ globular 
lu^s, secreting viscid ihatter, by which minute insects are 
occasionally, though rarely, caught. Some leaves were left for 
23 hrs. in a weak infusion of raw meat and in water, and 
the liairs were then compared, but they differed very little or 
not at all. In both cases the contents of the (%lls seemed rather 
more granular than they were before ; but the granules did not 
exhibit any movement. Other leaves were left for 23 hrs. in a 
solution of one part of carbonate of ammonia to 218 of water, 
and here again the granular matter appeared to have increased 
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in amount; but one such mass retained exactly the same form ns 
lieforc after an interval of 5 hrs., so that it could hardly have 
consisted of living? protoplasm. These ghinds seem to have very 
little or no power of alisorption, certainly much loss than those 
of the fon^j'oing j)lants. 

Mirahih's hn;f*jhr>f. — Tlit? stems and both surfaces of the 
leaves bear viscid hairs. Youii^ plants, from V2 to 18 inches 
in height in my greenhouse, caught so many minute J)i])tera, 
Colcoptera, and larva), that they were quite dnsteil with them. 
The hairs are short, of une<iual lengths, formed of a single row 
of cells, surmounted by an eiilarpJM cell which secretes viscid 
matter. These terminal culls or glands contain granules and 
often globules of granular matter. Within a gland which had 
caught a small insect, one such mass was observed to undergo 
incessant changes of form, with the occasional n])]}enrancc of 
vacuoles. But 1 do not lielievc that this protoplasm had l«cii 
generated by matter absorlxid from the deail insect; for, 
on com])aring several glands which liad and had not caught 
insects, not a shade of difference could ha perceived between 
them, and they all contained fine granular matter. A* piece of 
leaf was immersed for 2A In's, in a solution of ono^ imrt of car- 
bonate of ammonia to 218 of water, but the hairs seemed very 
little affected by it, excepting that ]x;rha])s the glands were 
rendered rather more opaque. In the leaf itself, however, the 
grains of chlorophyll near the cut surfaces had run together, 
or iK'come aggregated. Nor were the glands on another leaf, 
after an inimcrsion for 21 hrs. in an infusion of raw meat, in 
the least afftcted; but the protoplasm liping tlie cells of the 
pedicels had shrunk greatly from the walls. This latter effect 
may have lx:cn duo to exosmoso, as the infusion was strong. 
We may, therefore, conclude that the glands of this plant cither 
have no power of ahsoiqition or that the protoplasm which they 
contain is not acted on by a solution of ca'rl)oiiate of ammonia 
(and this seems scarcely credible) or by an infusion of meat. 

Sifiotiana tabucum. — This plant is covered with innumerable 
hairs of unequal lengths, which cafbh many minute insocts. 
The ])edicels of the hairs arc divided by transverse partitions, 
and the secreting glands are formed of many cells, containing 
greenish matter with little globules of some substance. Leaves 
were loft in an iftfusion of raw meat and in water for 26 hrs., 
but presented no difference. Some of these same leaves 
were then left for alx)vc 2 hrs. in a solution of carbonate of 
ammonia, but no effect was produced. I regret that other 
experiments were not tried with more care, as M. Sohloesing 
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has shown,* that toliacco plants supplied with the vajiour of 
carl)ODatc of ammonia yield on analysis a greater amount of 
nitrogen than other plants not thus treated; and, from wiiat 
wo have seen, it is probable that some of the vapour may be 
absorbed by the glandular liairs. 

Summary of the Ohservations on Olandidar Hairs , — 
From tho foro«jj(»in" observations, few as tliey are, we 
sec tliat the glands of two species of Saxifraga, of a 
rrimnla and IVlargoniuin, liavc the power of rapid 
absorption ; whereas the glands of an Erica, Slirabilis, 
and Nicotiana, eitlier liave no siidi 2 )ower, or the 
contents of the cells are not aflected by the fluids 
employed, namely a solution of carbonate of am- 
monia land an infusion of raw meat. As the glands 
of tho ]\[irabilis contain j>roto 2 )lasni, whi(‘h did not 
become aggrcgat(*d from exjiosuro to tlu* fluids just 
named, thougli the contents jof tlfe cells in the blade 
of tho half were greatly aflected by carbonate of 
ammonia, wc may infer that they (rannot absorb. We 
may further iider that the innumerable iusecis caught 
by this plant arc of no more service' to it tlian are 
thos(5 which adhere to tho deciduous and sticky scales 
of tho leaf-buds of *thc horse-chestnut. 

Tho most interesting cjxso for us is that of the two 
speci('s of Saxifraga, as this genus is distantly allied 
to Drosera. Their glands absorb matter from an 
infusion of raw meat, from solutions of the nitrate 
and carbonate of ammonia, and apparently from 
decayed insects. This was shown by the changed 
dull i)uri)le colour of the protojdaMii within the cells 
of the glands, by its state of aggregation, and appa- 
rently by its more raphl s})ontaneous movements. 

• ‘ Comptes rcndiis,* June IP, 1874. A gfoocl abstract of tills paper 
is given in the * Gardener’s Chronicle,’ July 11, 1874. 
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The ag*gro<:fatiiig process spreads from the glands 
down the pedicels of tlie hairs; and wo may assume 
that any matt(T which is ahsorlxMl nltimat(‘ly reacdies 
the tissues of the ])laut. On the othc.*r hand, the process 
travels up the hairs whenever a surface is cut and ex- 
posed to a solution of the carl>onate of ammonia. 

The glands on the flower - stalks and heaves of 
Primula sinemis (jiiickly absorh a SidutioJi of the 
carbonate of ammonia, and the protoplasm wliicli they 
contain becomes aggrhgateil. The process was se*en 
in some cases to trav<d from the glaiuls into tlic! upper 
colls of the pedi(ads. Exposure for 10 m. to tlio 
vapour of this salt likewise induciMl aggn'gation. 
Wh(ui leaves were h?ft from (5 hrs. to 7 hrs. in a strong 
Sijlution, or were long exposed to the vapour, the little 
mass(.‘s of protoplasm b(*caine disintegrated, brown, and 
granular, and were *apptvreutly killed. An infusion of 
raw meat produced no effect on the glands. 

Tlnj limpid contents of the glands of Pelargonium 
zonale became cloudy and granular in from 3 m. to 5 m. 
when they were immersed in a weak solution of the t'ar- 
bonato of ammonia ; and in the course of 1 hr. granules 
appearf*d in the upper cells of th<5 pcjdicols. As the 
aggregate<l masses slowly changed their forms, and as 
they suffered disintegration when left for a consi<lcr- 
ablc time in a strong solution, there can bo little doubt 
that they consistecl of protophism. It is doubtful 
whether an infusion of raw meat prwluced any effect. 

The glandular hairs of ordinary plants have gene- 
rally been considered by physiologists to servo only 
as secreting or excreting organs, but we now know that 
they have the }K)wer, at least in some cases, of absorbing 
both a solution and the vapour of ammonia. As rain- 
water contains a small percentage of ammonia, arid the 
atmosphere a minute quantity of the carbonate, this 
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power can hardly fail to bo beneficial. Nor can th(^ 
benefit be (piito so insignifi(;ant as it might at first be 
thought, for a moderately fine plant of Primula 
sinemis bears the astonishing number of above two 
millions and a half of glandular hairs,* all of which 
are able* to absorb ammonia brought to them by the 
rain. It is moreover probable that the glands of some 
of the above named ])lants obtaip animal matter from 
the insticts which are occasionally entangled by tlu* 
viscid se(*retioii. 


Concluding Hkmarks on the Droserace.e. 

The six known genera composing this family have 
now been described in relation to our pnisent subject, 
as far as my means have permitted. They all capture 
insects. This is effected by J-lrosophyllum, Roridula, . 
and Jlyblis, solely by the viscid fiuid secreted from 
their glaiuls; by I)ros(?ra, tliroiigh the same means, 
together with the movements of the tentacles ; by 
Diona'a and Aldrovanda, througli the closing of the 
blades of the leaf. In these two last genera ra[)id 


* My son Frsinois countiMl tlie 
huirs on u H])ac(.^ ineasurud by 
of (I iiiioToinotcr, and found 
that thiTo weru Sa/dSC on a 
s<eiaru inch of tho iip|K>r surfaco 
of a leaf, and 30,0:io on tho lower 
surface ; that is, in about the pro- 
portion of lOl) on tlic upper to 8.5 
on tho lower surfaco. On a tspiare 
inch of both surfaces there were 
65,371 hairs. A nuxlerately line 
plant bonrinp: twelve leaves (the 
lurfjfor ones beiii^ a little iiioro 
tliaii 2 inches in diameter) was 
now selected, and tho area of all 
the leuvt*H, tof^thur with their 
foot-stalks (the llow’cr-stems nut 
bein.? included), was found by a 


planiineter to bo 39'2S.i square 
inches; so that the an\i of both 
surfaces was 78*57 s«piure inches. 
Thus the plant (excludiu;; tile 
llower-stenis) must have Wiie 
the astonisliin^ iunnlH.T of 
2,.56S,0yy glandular hairs. Tlie 
hairs were counted late in tint 
autumn, and by tho following 
spring ( Ililuy) the leaves of some 
other plants of tho same lot were 
found to be from one-third to one- 
fourth broatler and longer than 
they were before; so that no 
doubt the glandular hairs had 
increased in number, and prr- 
bably now much exceeded three 
millions. 
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'j>, niovement makes up lor tlie loss of viscid socrrtioii. 
1 In every case it is some part of tlui leaf wliieli moves. 
Ill Aldrovaiula it appears to l»e the basal parts alom* 
whicli contract and carry with tli(‘m the broad, thin 
inarfrins of tlio lobt's. In Dionfea the whole lobe, with 
the exception of tlie marginal proloiif^ations or spikes, 
curv(‘s inwards, though the cliicd* seat of niov<;ni(‘nt is 
near the midrib. In JJros(‘ra tlu' cliief st*at is in the 
lower part of the tentajdes, wliicli, hoiiioh>^ieally, may 
he consider«Ml as pn don ‘rations of tlie leaf; but the 
whole hlad^^ often eurls inwards, converting the leaf 
into a tein]»orary stomach. 

I Then? can hardly hi) a doubt that all tluj plants 
ilieloiiging to tliese six genera have the j)«)wc‘r of dis- 
'solving animal matter by the aid of tlndr s<*cretion, 
i’vhich contains an acid, together with a ferment 
|almo.st idiuitical in initure with jiepsin ; and that they 
^|jift(?rwards absorl» iha inatbT thus digested. This is 
certainly tluj case with .J)ros(‘ra, Drosophyllum, and 
IMoiii'ea; almost (Certainly with Aldrovanda; and, from 
!analogy, very probable with Jioridiila and Byblis. We 
can tlius umh.*rstaml how it is that the thn»e lirst- 
[naiiKMl genera arc provide<l with such small roots, and 
iliat Aldrovanda is quite rootless; about tln^ roots 
of the two oth*u’ genera nothing is known. It is, no 
doubt, a surprising fact that a whohj groiij) of }dants 
,(and, as wo shall jiresently 8 (m», some other plants 
!not allied to the 1 )roscjracL*je) should subsist partly by 
iligesting animal mattcjr, and partly by decomposing 
; «!arbonic acid, instead of exclusively by this latter 
: means, together with the absorption of matter from 
. the sfdl by the aid of roots, Wc have, however, an 
(Mpially anomalous case in the animal kingdom ; th(^ 
rhizocephalous crustaceans do not feed like other 
animals by their mouths, for they are destitute of an 
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jiliiiicntiiry caiRil; but tlioy live by absorbing tliroiigli , 
root-like proc(isses the juices of the animals on which 
they ar(5 parasitic.* 

Of tlie six gciKTa, Drosera has been incomparably 
th(5 most 8ucc('ssful in the battle for life ; and a large 
part of its suc<jess may be attributed to its manner 
of catcJiing insects. It is a dominant form, for it is 
beli<*vc‘d to imdude about JOO s2)ecies,t which range in. 
the Old World from the Arctic regions to Southern 
Iiidia, to tlu^ Cape of (bwal Jl(»po, ]\ladagascar, and 
Australia ; and in the New World from Canada to 
Ti(*rra del Fu ‘go. Jn this res 2 )ect it presents a marked 
contrast with the five other gcniera, which .appear to be 
failing groups. Diomea incdiides only a single species, 

which is confined to one district in C^irolina. The 

• 

thr(‘o varieties or closely allied s^)Ocies of Aldrovanda, 
like so many water-plants, have a wide range from 
Ce?itral Euroi)e to Bengal auid Australia. Droso- 
phyllum includes only one species, limited to l.\)rtugal 
and 3Iorocco. lloriduhi and Byblis eaich have (as I 


• Fritz Miilh'r, ‘ Knots tor Dnr- 
wiij,’ Kiiff. trails. p. 1.’39. Tlio 
r}iizrH‘L‘iilialf)iiH criistaocaiis am 
unit'd to tilt! cirripodos. It is liurdly 
possible to iiiiu^iiie a greater dif- 
ference than tliat between nil uiii- 
mul with prehensile limbs, a well- 
cousiructetl mouth and alimentary 
canal, and one tlestitute of ail 
these organs and feeding by ali- 
Rorption throii^rh bruiiehin^r root- 
like pnKjeasea. If one rare oirri- 
pede, the Anelasma liad 

bcooino extinct, it would have 
been very difficult to coiijecturo 
how BO enormoiia a chaiij^e could 
have been prradiially effected. 
But, aa Fritz Miiller remarks, wo 
have in Anelasma an animal in 
an almost exactly iutemiodiuto 


condition, for it haa root- like pro- 
cessea embedth'd in the skin of the 
shark on which it ia parasitic, and 
its prehensile cirri and mouth (aa 
deserilieil in my mono^iph on 
the licpadidm, 'Kay ISol^ 

p. 1(19) arc in a most fcchle and 
^ihiiost rudimentary erudition. 
Dr. K. KoHamaiin haa givpn a very 
interoating disruasioii on thia 
auhjeet iu hia ‘ Suctoria and IjC- 
padidse,' 1S751. See alao, Dr. 
*Dohrii, * l)er Uraprung der Wir- 
Ijelthiere,* 1875, p. 77. 

t Bentlmm ami Hooker, * (Teneru 
riantaruiii.* Aiiatralia ia the me- 1 
troixilia of the gimua, forty-one 
apcciea having been deacribed ^ 
from thia country, aa Prof. Oliver 
informs me. 



.‘>58 CONCLUDING REMARKS CiiAr. XY. 

hoar from Prof. Oliver) two speeios ; the foriiu*r con- 
liiietl to the \\estern parts of tlie Oa])e of (jiood Hope, 
and the latter to Australia. It is a stranger fact that 
l.)ioiia?a, wliiidi is ou<5 of the most bc‘autifully adaptinl 
plants ill the vegetable kingdom, should ajjparently be 
on the high-road to extinetion. This is all the more 
strange as tlu^ organs of Diomea are more highly 
difl’ereiitiated than those of IJrosera ; its iilanients 
serve exelusively as organs of touch, the lobes for 
capturing insects, and the glands, when excitcMl, for 
secretion as w(dl as for absorption; whercuis with 
J )rosera the glands serA'e all these j)ur})oses, and secrete 
without being excited. 

By comparing the structure of the leaves, their 
degree of complication, and their rudimentary parts 
in the six genera, we are led to infer that thcar «?oTninon 
imront form partook ol‘ the characters of Brosophyllum, 
Boridula, and Byblis. The leaves of this aneicuit form 
were almost certainly linear, perhaps divided, and bore 
on their uiiper and lower surfaces glands which had 
the j)ower of secreting and absorbing. Some of these 
glands were mounted on pedicels, and others were 
almost sessile ; the latter secreting only when stimu- 
lated by the absor])tion of nitrogenous matter. In 
Byblis the glands consist of a single layer of cells, 
supported on a unicellular ])odic(?l ; in lioridula they 
have a more complex structure, and are supported on 
pedicels formed of several rows of cells; in Droso- 
phyllum they further include spiral cells, and the ])edi- 
crels include a bundle of ^iral vessels. But in these 
three genera these organs do mit possess any power of 
movement, and there is no reason to doubt that they 
are of the nature of hairs or tricliomcs. Although in 
innumerable instances foliar organs move when ex- 
cited, no case is known of a trichomc having such 
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powCT.* Wc are thus hid to in(|uiro liow the so-called 
teiita(;les of Drosora, which arc manifestly of the same 
general nature as the glandular hairs of the above 
tlirce gciKira, could Jiavc acquired the power of moving. 
Many botanists maintain that tliese tentacles consist 
of prolongations of the leaf, because they include vas- 
cular tissue, but this can no longer be considered as a 
trustworthy distinction.t 'J'he posscission of the power 
of movengiut on excitement Avould liave been safer 
(‘vidcncci. Hut when wc consider the vast number of 
the t(Mitach'S on both surfaces of the leaves of Droso- 
pliyllum, ami on the upper surface of the leaves of 
lJros<n*H., it seems scarcely possible that each tentacle 
could have aboriginally existed as a prolongation of 
the h'af. lloridula, perhaps, shows us how wo may 
reconcile these difliculties with respect to the liomo- 
logical nature of the tentacles. Ilie lateral divisions 
of the h?aves of this plant tcirminate in long tentacles ; 
and these include spiral vessels which extend for only 
a short <listanco up them, with no line of demarcation 
between wluit is plainly the prolongation of the leaf 
and the ])edieel of a glandular hair. Therefore there 
woidd be nothing anomalous or unusual in the basal 
parts of tliese teiit^icles, which corrosjiond with the 
marginal ones of IJrosera, a('.quiring the power of 
movement; and we know that in Drosora it is only 
the lower part which becomes inflected. But in order 
to understand how in this latter genus not only the mar- 
ginal but all the inner tentacles have become capable 
of movement, we must fiirthor assume, either that 
through the principle of correlated development this 

♦ Sachs, ‘ Traitp do Botaniauc,* 1873, p. 6. 'Exirait des 

Srd*odit. 1874, p. 1020. Vidcnskal)rli#ro Aleddelclser de 

t Dr. 'Warniinp:, * Siir hi Diife- la Snc. d* Hist. nat. de Copen- 
reiicu cutre les Trichomes,’ Copen- liague,’ Nos. 10-12, 1872. 
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power was transferred to tlie basal parts of the hairs, 
or that the siirtaee of the leaf liasi been prolonged 
upwards at mimerons points, so as to unite with the 
hairs, thus forming tlie bases of tlic inner tentacles. 

The above named three genera, namely Droso- 
phyllum, lloridula, and Jiyblis, which a])i)(?ar to have 
retained a ])rimordial eomlition, still b(»ar glandular 
hairs on both surfiu^es of their leavers ; but those on 
the lower surface have since disa])[)earcMl in tlie more 
highly developed giaiera, with the partial exce[)tion 
of one species, Drosem linata, Tlni small st*ssile 
glands hav(^ also disapjH'ared in some of the g<?nera, 
being replaced in lioridula by hairs, and in most 
8j)oeies of Urosora by absorbent ]Mi[)ilhe. Drosera 
biiiata, with its linear and bifurcating leaves, is in 
an intermediate (Miudition. It still l)(‘ars sonuj sessile 
glands on l>oth surfaces of the leaves, and on the lower 
surface a few irregularly placed t(3ntaeles, which are 
incapable of movement. A furtln^r slight change 
would convert the linear leaves of this latter species 
into the oblong loaves of Dronera anglica, and those 
might easily jiass into orbicular ones with footstalks, 
like those of Drosera rotundifolia. The footstalks of this 
latt(3r species bc‘ar multicellular hairs, whi(;h we have 
good reason to believe represent aborted tentacles. 

The jjarent form of Diomua and Aldrovanda seems to 
have been closely allied to Ilrosera, and to have had 
rounded leaves, su]iported on distinct footstalks, arid 
furnished with tiiiitacles all round the circumference, 
with other tentacles and sessile glands on the upper 
surtace. I think so because the marginal spikes of 
Dionuja apparently represent the extreme marginal 
tentacles of Drosera, the six (soinetimes (Ught) sensitive 
filaments on the upper surface, as well as the more 
numerous ones in Aldrovanda, representing the central 
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tentacles of Drosem, with their glands aborted, but their 
sensitiveness retained. Under this point of view we 
should bcjar in iiiind that the summits of the tentacles 
of Urosera, close beneath tho glands, arc sensitive. 

The tlirc^e most remarkable characters possessed by 
the several members of the llroseracoa) consist in tho 
halves of soiiKJ having the power of movement when 
exeit<Ml, in tlieir glands scjcreting a fluid which digests > 
animal matter, an<l in their absorption of the digested! 
matter, (.-an any light bo thrown on the stops 
by whi(?h tliesti remarkable powers were gradually 
acquired ? 

As tho w’alls of tho cells arc necessarily permeable 
to fluids, in order to allow tho glands to secrete, it is 
not surprising that they should readily allow fluids to 
pass inw'ards ; and this inward jfassage w’ould deserve 
to be called an act of absorption, if tho fluids com- 
bined with tho contents of the glands. Judging from 
the evidence above given, the secreting glands of 
many other plants can absorb salts of ammonia, of 
which they must receive small quantities from the rain. 
This is the case with two species of S;:>axifraga, and the 
glands of one of them apparently absorb matter from 
captured insects, and certainly from an infusion of raw 
meat. There is, therefore, nothing ,anomalous in the 
Drosemcem having acquired tho powder of absorption 
in a much more highly develoi)ed degree. 

It is a far more remarkable problem how the': 
members of this family, and Piiigiiicula, and, as Dr.j 
Hooker has recently shown, Nej)enthes, could all have 
acquired the powder of secreting a fluid which dis-J 
solves or digests animal matter. Tho six genera or 
tho Drosoracoao have probably inherited this power 
from a common progenitor, but this cannot apply to 
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Piliguieiila or Nopontlioa, for these plants are not at all 
closely related to the DrosoraceaB. ]hit the dinieiilty 
is not nearly so great as it at first n})pears. Firstly, the* 
juices of many plants conta,in an acid, and, a])parently, 
any acid serves for digestion. Hecondly, as 1 )r. Hooker 
lias remarked in rblation to the present subject in his 
address at Jielfast (1874), and as Sachs repeatedly 
insists,* the embryos of some plants secrete a fluid 
which dissolves albuminous substances out of the 
endosperm ; although the endosperm is not actually 
united with, only in contact with, the embryo. All 
jdants, moreover, have the power of dissolving albu- 
minous or protcid substances, such as jirotoplasm, 
chlorophyll, gluten, alcurone, and of carrying them 
from one part to other parts of their tissues. This 
must be eftocted by a solvent, probably consisting of 
a ferment togetluir wtth an acid.t Now, in the case of 
plants which are able to absorb already soluble matter 
from captured insects, though not capable of true 
digestion, the solvent just referred to, which must be 
(occasionally present in the glands, would be* apt to 
exude from the glands together w ith the viscid secre- 
tion, inasmuch as endosmose is a(‘.conipauied by 
exosmose. If such exudation did ever occur, the 
solvent would act on the animal matter contained 
within the captured insects, and this would bo an 
act of true dig(J8ti(jn. As it cannot bo doubted 
that this process would be of high service to plants 


♦ ‘Tmitd do l}otunii|U(;,’ 3rd 
edit. 1S74, p. 844. Soo al«o for 
facta pp. 64, 76, 828, 

8dl. 

t Sino-o thia Bcntenco waa writ- 
ten, I have roKcivod a puiier hy 
(xorup-Ue8an(}Z (* fierichte dc^r 
DeutMliCii Chem. GcsellHchuft,* 


Df^lin, 1874, p. 1478), wlio, with 
tlio ai»I of Dr. H. Will, liaH ac- 
tually itindo tlu! diHO/>very that the 
HcedH of the vetch contain a fer- 
ment, wliich, when cxtractinl by 
{rlycerino, diKHolvcH albuDiinonH 
KiiiwtsinoA^H, Hucli us fibrlik, and 
converts them into true peptones. 
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in vory poor soil, it would tend to be ])orfected 
through natural selection. Therefore, any or<linary 
plant having viscid glands, which occasionally caught 
insects, might tliiis be converted under favourable cir- 
enm8t:anc(‘8 into a species capable of true digestion. It 
<*eases, tlKjrefcjve, to be any groat mystery how several 
genera of ])laTits, in no way closely related together, 
have independently aecpiired this stiiric power. 

As tliere exist seversil plants^ the glands of which 
can not, as far as is known, digest animal matter, yet 
can absorb salts of amnion la and animal fluids, it is 
jirobable that this latter power fonus the first stage 
towards that of digestion. It might, however, happen, 
under certain (conditions, that a jilant, after liaving 
acquired the pow(T of digestion, should dt^gcnierate 
into one capabh^ only of absorbing animal matter in 
solution, or in a state of decay, cJ* the final products 
of di^cay, namely the salts of ammonia. It would appear 
that this has actually occurwHl to a partial extent with 
the l(?aves of Aldrovauda; the outer parts of which 
possess absorb(?ut organs, but no glands fitted for the 
secretion of any digestive fluid, these being confined 
to the inner i)arts. 

Tiittle light can be thrown on tlie gradual acquire- 
ment of the tliird reinarkabh} character possessed by 
the more highly (hivtdoped genera of the Droseracerc, 
namely the power of movement when excited. It 
should, however, be bonic in mind that leaves and 
their homologues, as well as flowt‘r-poduncles, have 
gaincul this power, in iumimerable iiishmces, indepen- 
dently of iiihc'ritauce from any common parent form ; 
for instance, in tendril-b('arers and leaf-climbers (i. e. 
plants with their leaves, petioles and flowor-peduncles, 
(See., modified for prehension) belonging to a large 
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number of the most widely distinct orders, — in the 
. leaves of the maiiy plants which "o to sletip at nij^ht, 
or move when shaken, — ^jnid in the irritable stamens 
and })istils of not a few spcMjies. We may therefore 
infer that tlie power of movement can be by S(jm(5 
means readily acquired. Such movements imply irri- 
tability or sensitiveness, but, as (John has r(‘mark(.Ml,* 
the tissues of the plants thus endowt»d do not differ 
in any uniform manma* from those of orclinary plants; 
it is therefore probable that all leaves arc to a slifjht 
dcj^ree irritable. Evc?n if an insecjt ali<(lits on a leaf, 
a slight molecular change is probably transmitted 
to some distance across its tissue*, with the sole 
difference that no percc*ptible eff(?ct is prodiiC(Ml. We 
have some evidence in favour of this belied*, for wo 
know that a single tomih on the glands of JJrosera does 
not excit(? inllectionl ycjt it must produce some effect, 
for if the glands have been immersed in a solution of 
camphor, inflection follows within a shorter time than 
would have followed from the eft*ects of cam])hor 
alone. »So again with Dionfca, the blades in their 
ordinary state may be roughly touched without their 
closing; yat some (ifff?ct must be thus caused and 
transmitted across the whole leaf, for if the glands have 
recently absorbed animal matter, even a delic^ate tomfli 
causes them to close instantly. On the whole we may 
conclude that the acquirement of a high degree of 
sensitiveness and of the power of inovcmuait by certain 
genera of the Droseracem presents no greater difficulty 
than that presented by the similar but feebler powers 
of a multitude of oth(?r plants. 


• See the abHtract of hiH mo of Nut. Hist.* 3rd scricH, 

moir on the contrtu:tile tiHHUcH vol. xi. fj. 188. 
of plttiitH, ill the ^AiinulH and 
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TIkj si)(H!ijilis(‘(l nature of the sensitiveness possessed 
by Drosera and Dioinra, and by certain other plants, 
widl deserves attention. A gland of JJrosera may be 
forcibly hit once, twice, or even thrice, without any 
eftect b(*ing })rodu(?ed, whilst tlie continued luessure 
r)f an extreirndy ininute particle excites movement. 
On tlio otlier Ijiiiid, a pirticlcj many times lieavier 
may be gently lairl on one of the filaments of 
l.)iona?a witli no efle<*t ; but if timclied only once by 
the slow mov(‘inent of a delicate* hair, the lobes cl(.)se ; 
and this differ(*nce in the nature of the sensitiveness of 
tli(;se two ])lauts stands in manifc'st adaptation to their 
manner of capturing insects. Ho does the fact, that 
when the central glands of Drosera absorb nitro- 
genous matter, they transmit a motor impulse to the 
oxttirior tentacles much more (|uickly than when they 
are mechanically irritatr^d; wliilst with Diona'a the 
absorption of nitrogeueous matter causes the lobes 
to junss togidher with extreme slowness, whilst a 
touch excites rapid movcMuoiit. Soniewliat analogous , 
cases m.ay b(} observed, ns I have shown in another 
work, witli the tendrils of various plants ; some being 
most excited by <*ontact with fine fibres, others by 
intact with bristb's, others with a flat or a creviced 
surface. The sensitive organs of Drosera and Dionaca 
are also specialised, so as not to bo uselessly affected 
by the w(?ight or impact of drops of rain, or by 
blasts of air. This may be a(?counted for by sup- 
posing that these plants and their jirogenitors have 
grown accustomed to the repeated action of rain and 
wind, so that no molecular change is thus induced; 
whilst they have been rendered more sensitive by 
means of natural seleiition to the rarer impact or 
pressure of solid bodies. Although the absorption by 
the glands of Drosera of various fluids excites move- 
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inont, there is a great ilitrerouee in the aetion of 
allitMl fluids; for instanee, between certain vi‘ge,tiiblo 
acids, between eitnito and phosphate of uniinonia. 
The siM'cnalisod nature and ptirft»etion of the sensitivo- 
nos.s in these two plants is all the more astonishing 
as no oiu; supposes that they j)oss(‘ss nerves ; and by 
testing Drosera with several substamies which act 
powerfully on the nervous system of animals, it does 
not appc'ar that they include any ditt‘use<l matter 
analogous to nerve-tissue. 

Although the cells of J)rosera and l.)iona*a are quite 
as sensitive to certain stimulants as are the tissues 
which surround the terminations of the mu-ves iti 
the higher animals, yet thi^se plants are inferior even 
to animals low down in the scabs in not being afteetiMl 
except by stimulants in contact with their sensitive 
parts. Tlioy would, however, ])robably bo aftV‘(ded by 
radiant heat; for warm water excites energetic? move- 
ment. When a gland of Drosera, or one of tli(‘ fila- 
ments of Diona?a, is excited, the motor impulse? ra<liates 
in all directions, and is not, as in the case of animals, 
directed towards special ])oints or organs. Tina holds 
good even in the case of Drosera when some exciting 
substance has been placed at two jioints on tin? disc, 
and wlum the tentacles all round an? infl(.Mdcd with 
marvellous precision towards the two points. Tlu? 
rate at which the motor impulse is transmitted, though 
rapid in Dionaea, is mucli slower than in most or all 
animals. This fact, as well as« that of the motor 
impulse not being specially ilirccted to certain points, 
are kith no doubt du(? to the absence of nerves. Never- 
theless we lierhaps sec the prefigurem(?nt of the forma- 
! tion of nerves in animals in tin? transmission of tlie 
. motor impulse being so much more rapid down the 
confined sjiacc within the tentacl(?s of l-)rosera than 
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PlXGUICUIiA. 

Pitiguietda rnhjnrU — Structure of lonvofl — Nuinl)t*r of insects and 
other olijocts causflit — Movement of the nisirfjiiis of the h‘uvus — 
Uses of tliirt mnveiiieiit — Secretion, di«rt;stion, and absorption — 
Action of tile secretion on various an nial and ve^etaiile suiistances 
— The effects of stdisianccs not c^intainin^ soluble nitrogenous 
matter on the ^’’lands — Vintjnhnla rjrnntJijiorn — Pimjuirula limi- 
tanira, catelies insects — Movement »f the leaves, secretion and 
digestion. 

PiNOUiciJLA VULGAHIS. — Tliis jilant grows in moist 
places, gonorally oil mountains. It Ixnirs on an average 
eiglit, ratlier tliick, oblong, liglit green leavers, having 
seareely any footstalk. A full-sized leaf is about 1^ 
inch in Iciiglh and | inch in Iireadth. I'he young 
central leaves are dcKijdy concave, and jjrojcet upwards; 
the older om?s towards the outside are flat or (jonvox, 
and lie closer to the grouinl, forming a rosi'tto 
from 3 to 1 imdies in <liam(‘t(»r. The margins of tln^ 
leaves are imuirved. Their iijiper surfaces are thh.'kly 
covered with two s('ts of glandular hairs, dilleriiig in 
the size of tlui glands and in the huigth of tludr 
pedicels. The hirgc.T glands have a circular outline as 
seen from abov<j, and are of moderate thi(;kness ; they 
are divided by radiating jiartitions into sixteen cells, 
containing light-green, homogfuieous fluid. Tlioy are 
supported on elongated, unicellular pedicels (contain- 
ing a nuchius witli a nuchiolus) whierh n?st on slight 
prominences. I'lio small glands diflcT only in being 
formed of about half the number of cells, (H)ntaining 
much ])alor fluid, and supported on mueJi sliortor pedi- 
cels. Near the midrib, towards tho base of the Icaf^ the 
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j)C(li(tols are mnlticjelhilar, arc longer than elsf‘wljero, 
and b(?ar smaller glands. All the glands seerete a 
colourless fluid, which is so viscid that 1 have s<?en a 
fine thr(?ad drawn out to a length of 18 inelies; but 
the fluid in this ease was sccjreted by a gland which 
had been excited. The edge of th(i leaf is translucent, 
and does not bear any glands; and here the sjiiral 
vessels, i»roceeding from the midrib, tonninato in cells 
markcMl by a spiral line, somewhat like thosci within 
the glands of Drosc^ra. 

The roots are sliort. Throe plants were dug up in 
Nortli Wales on .June 20, aiul carefully washed; 
each bore five or six unbranche*! roots, the longijst of 
which was only 1*2 of an iiudi. Two rather young 
plants were examined ou Sopttunber 28 ; these had a 
greater number of roots, namely eight and eighteen, 
all under 1 inch in length, and vi<iy little branched, 

I was 1 (h 1 to investigate the liabits of this plant by 
being told by jMr. W. Jlarshall that on tlie inountaiiifr 
of Cuinberland many insects adhere to tlu^ leaves. 


A friend sent mo on June 23 tliirty-niiio leaves from North 
Wales, which were selected owing to objects of some kind ad- 
lieriiig to them. Of these leaves, thirty-two had caught 142 
insects, or on an average 4*4 per h*af, niiiiuto fragiueiits of 
insects not being included. Besides the insects, small leaves 
iKjlonging to four different kinds of phuits, those of hlriax 
l)eing much the commonest, and three iniuute seiHlliug plants, 
blown by the wind, adhered to uiueti*eii of the leaves, thio had 
cauglit as many as ten leaves of the Erica. Steds or fnnt."», 
couiinonly of Carex and one of Juncus, besides bits of iiiosis 
and other rubbish, likewise adhered to six of the thirty-nine 
leaves. The same friend, ou Juno 27, collechxl nine plants 
bearing seventy-four leaves, and all of tbese, with the exee]>tion 
of three young leaves, bad caught iusoets ; thirty insects were 
counted on one leaf, eighteen on a second, and sixteen on a third. 
Another friend examined on August 22 some ])laiits in Donegal, 
Ireland, and found insects on 70 out of 157 leaves ; lifteen of 
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these leaves were sent me, each having eaught on an average 2‘4: 
insects. To nine of them, leaves (mostly of Krica tHniUjc) ad- 
hered ; but they had been specially selected on this latter account. 
I may add that early in August my son found leaves of this same 
Erica and the fruits of a Carox on the leaves of a Piiiguicula 
in Switzerland, probably Pimjnicula aJpina ; some insects, but no 
great number, also adhered to the leaves of this plant, which 
had much better developed roots than those of Pirujtrifula vttl- 
ffarifi. In Cumberland, Mr. Marsliall, on SeptcmlHjr 8, carefully 
examined for mo ten plants bearing eighty leaves ; and on sixty- 
three of these (i.o. on 71) per cent.) he found insects, 118 in 
number ; so that each leaf had on an average 2*27 insects. A 
few days later ho sent me some ])lants with sixteen seeds or 
fruits adherijig to fourteen leaves. There was a seed on three 
leaves on the same plant. The sixteen seeds belonged to nine 
different kinds, which could not ho recognised, excepting one 
of Ranunculus, and sever/il belonging to three or four distinct 
species of Carex. It a])])cars that fewer insects are caught late 
in the year than earlier ; thus in Cumberland from twimty to 
twenty-four insects were observed in the middle of .July on 
several loaves, whereas in the Ixiginnings of Sopteml)cr the 
average number was only 2‘27. ISIost of the insects, in all the 
foregoing cases, weM l)i[)tera, but with many minute Jlyme- 
UG])tora, including some ants, a few small Coleoptera, larvm, 
spiders, and even small moths. 

Wo thus s(?o that numerous iusoots and other nl)j(M;ts 
are caught by the viscid leaves ; hut we liavc no right 
to infer from tliis fact that the liahit is Ixuieiicial to 
the ])lant, any more than in the bcdorc given c.ase of 
the MirabiliSjOr of the horse-chestnut. lJut it will pre- 
sently be seen tJiat dead insects ami other nitrogenous 
bodies oxcito the glands to increased secretion ; and 
that the secretion then becomes acid and has the 
power of digesting animal suhsbinccs, such as albumen, 
fibrin, &c. Moreover, the dissolved nitrogenous matter 
is absorbed by the glands, as shown by their limpid 
contents being aggregated into slowly moving gra- 
nular masses of protoplasm. The same results follow 
when insects are naturally captured, and as the plant 
lives in {)oor soil and lias small roots, there can be no 
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doubt that it profits by its power of digesting and ’ 
absorbing matter from the prey which it habitually caj)- 
tures in such large numbers. It will, however, be con- 
voui( 5 ut first to describe the movements of the leaves. 

Movements of the Leaves. — ^^Ihat such thick,large leaves 
as those of Pingiiicula vulgaris should have the pow(.»r 
of curving inwards wluni (jxcited has never even been 
susi)ecte<l. It is necessary to select for experiment 
l(?av(*s with their glands secreting freely, and whie.h 
have been prevented from capifuring mtiny insects ; as 
old leaves, at least thos(5 growing in a state of nature, 
have their margins already curled so much inwards 
that tlu»y exhibit little power of movennuit, or move* 
vtiry slowly. I will first give in detail the moni 
important experiments which were tried, and then 
make some coiK^uding remarks. 


Kirpf'Hmeut 1. — A youfife and almost upright leaf was selected, 
with its two lateral edges eqiially and very slightly incurved. 
A row of small flies was placed along one ^ \ 

margin. When looked at next day, after f \ \ 

15 lirs., this margin, hut not the other, was j i I 
found folded, inwards, like the helix of the / \ / \ 

Jumian car, to the broad tli of of an / iV iX 
inch, BO as to lie partly over tho row of | ^ ^ / 1 

flics (tig. 15). Tho glands on which the 1 I \ / | 

flics rested, as well os those on tho over- I r 1 

lapping margin which had been brought f iV / j 

into contact with the flies, were all secreting r ^ y I 
copiously. L V 1/ I 

Kjcjitriment 2. — A row of flics was placed I \ f / 

on one margin of a rather old leaf, which \ ^ I / 

lay flat on tho ground; and in this case 
tho margin, after tho samo interval os be- 
fore, namely 15 hrs., had only just begun ^ 

to curl inwards; but so much secretion n 

liod been poured forth that tho spoon- margin inflected over a 
shaped tip of tho leaf was filled with it. of Rmaii flics. 

Experiment 3. — ^Fragments of a largo fly were placed close tc 
the apex of a vigorous leaf, as well as along half ono margin. 

2 B 2 
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' After 4 hrs. 20 m. there was decided incurvation, wliicli in- 
creased a little during the afternoon, hut wjis in tlie same state 
on the following morning. Near the ai^jx both margins were 
inwardly curved. I have never scon a case of tluj apex itself 
Ixjing in the least curved towai'ds the base of the leaf. After 
48 hrs. (always reckoning from the time when the flies were 
placed on the leaf) the margin htwl evei^whero begun to unfold. 

Expevimmt 4 . — E large fragment of a fly was placed on a leaf, 
in a medial line, a little beneath tlie aiK)x. Both lateral mar- 
gins wore ])orceptibly incurved in 3 hrs., and after 4 hrs. 20 m. 
to such a degree that the fragment was clasped by both margins. 
After 21 hrs. the two iiifoUlod edges near the apex (for the lower 
j)art of the leaf was not at all affected) were measured and 
found to Ijo ’ll of an inch (2‘7fl4 mm.) apart. TJie fly was now 
removed, and a stroiun of water poured over the leaf so as to 
wash the surface ; and after 21 hrs. the margins were ’20 of an 
inch (G'B-IO mm.) apart, so that they were largely un folded. After 
an additional 24 hrs. they were completely unfolded. Another 
fly was now put on the same s]X)t to see whether this leaf, on 
which the first fly had iKjeu left 21 hrs., would move again; 
after 10 lirs. there was trace of incurvation, but this did not 
increase during the next 24 hrs. A bit of meat was jilso jflaced 
on the margin of a leaf, which four days ])rcviously had become 
strongly incurved over a fragment of a fly and had afterwards 
re-cx|)andod ; but the meat did not cause even a trace of incur- 
vation. On the contrary, the margin Ixjcame somewhat rc*fl(?xc(l, 
as if injured, and so remained for the three follojving days, as 
long as it was observed. 

Ejppnmcnt 5. — A large fragment of a fly was placed halfway 
lietwecn the apex and Imiso of a leaf and halfway between the 
midrib and one margin. A short space of this margin, opj)osite 
the fly, showed a tracx) of incurvsition after 3 hrs., and this 
became strongly pronounced in 7 hrs. After 24 hrs. the infolded 
edge was only IG of an inch (4’0G4 min.) from the midrib. 
The margin now began to unfold, tliougli the fly vras left on the 
leaf ; so that by the next morning (i.o. 48 hrs. from the time 
when the fly was flrst put on) tho infolded edge had. almost 
completely recovered its original position, being now *3 of an 
inch (7’G2 mm.), instead of '16 of an inch, from tho midrib. 
A trac,e of flexure was, however, still visible. 

Ex]i€rimmt 6. — A young and concave leaf was selected with 
its margins slightly and naturally iucurved. Two rather large, 
oblong, rectangular pieces of roast meat were placed witli tbeir 
ends touching the infolded edge, and *46 of an inch (11C8 mm.) 
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apart from ono another.# After 21 lirs. the margin was greatly 
jind equally incurved (see fig. 16) throughout this spaco^ and for 
a length of *12 or -IS of an inch (3*018 or 3*302 mm.) above and 
below each bit; so that the margin had Ixjcn airccted over a 
greater length between the two bits, owing to their conjoint 
action, than beyond them. The bits of meat W'erc too large to 
he clasped by the margin, but they were tilted up, ono of them so 
as to stand almost vertically. After 48 hrs. 
the margin was almost unfolded, and the 
bits had sunk down. When again exa- 
mined after two days, the margin was quite 
unfolded, with the exce])tion of the natu- 
rally inflected edge; and ono of the bits 
of meat, the end of which had at first 
ton died the edge, was now *067 of an inch 
(1*69 mm.) distant from it; so that this 
bit had been pushed thus far across the 
blade of the leaf. 

ICjpn'iment 7. — A bit of meat was placed 
close to the incurved edge of a rather young 
leaf, and after it had re-expanded, i]^ bit 
was left lying *11 of an incJi (2*794 mm.) 
from the edge. The distance from the edge 
to the midrib of the fully expanded leaf (^pinguicuia wigarif.) 
was *35 of an inch (8*89 mm.); so that the Outline of loaf, witu 
bit Imd 1)CC11 pushed iuwaKls and across 
nearly one-third of its semi-diameter. of meat. 

Experiment 8. —Cubes of sjiongo, soaked in a strong infusion 
of raw meat, were placed in close contact with the incurved 
edges of two leaves, — an older and younger one. The distance 
from the edges to the midril)K was carefully measured. After 

1 hr. 17 m. there appeared to bo a trace of incurvation. After 

2 hrs. 17 m. both leaves were plainly inflected ; the distance 
between the edges and midribs being now only half what it was 
at first. The incurvation increased slightly during the next 
41 hrs., but remained nearly the same for the next 17 hrs. 30 m. 
In 35 hrs. from the time when the sponges were placed on the 
leaves, the margins were a little unfolded — to a greater degree 
in the younger than in the older leaf. The latter was not quite 
unfolded until the third day, and now both bits of sponge were 
left at the distancp of *1 of an inch (2*54 mm.) from the edges; 
or alx)ut a quarter of the distance between the edge and midrib. 
A third bit of sponge adhered to the edge, and, os the margin 
unfolded, was dragged backwards, into its origind position. 
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Kj'l)eriment 9. — A cliain of fibres of* roast moat, as thin as 
bristles and moistened with saliva, were placed down one whole 
side, close to the narrow, natnrtilly incniwed edj?c of a leaf. 
In 3 hrs. tliis side was fa'oatly incurved along its whole length, 
and after 8 lirs. formed a cylinder, altout of an inch (1‘27 
nim.) in diameter, quite conccfiling the meat. Tins cylinder 
remained closed for 32 hrs., but after 48 hrs. was half nnfbldcd, 
and in 72 hrs. was as open as tlie opposite margin where no 
meat had been placed. As the thin fibres of meat were com- 
pletely overlapjMid by tho margin, they were not pushed at all 
inwards, across tho blade. 

Experiment 10 . — Six cablmge seeds, soaked for a night in 
water, were placed in a row close to tho narrow incnrvc'd edge of 
a leaf. AVe shall hereafter see that these seeds yield soluble 
matter to the glands. In 2 hrs. 25 m. the margin was decidedly 
inflected ; in 4 lira, it extended over tlie seeds for about half 
their breadth, and in 7 hi*s. over three-fourths of their bremltli, 
forming a cylinder not quite closed along tlic innei* side, and 
about *7 of an inch (1778 mm.) in dianuiter. After 21 hrs. 
the inflection had not increased, pcrhaiws had decreast^d. The 
glands which had been, brought into contact with the upper 
surfaces of tho seeds were now scesreting freely. In 36 hrs. 
from the time when tlie seeds wcr 9 put on the leaf tho margin 
had greatly, and after 48 hrs. liad completely, re-exi)aiuhid. 
As tho seeds were no longer held by the inflected margin, and 
as the secretion was licginning to fail, they rolled some way 
down tho marginal channel. 

Experiment 11. — Fragments of glass were placed on tho 
margins of two fine young leaves. After 2 hrs. 30 m. the 
margin of one certainly l)ecamo slightly incurved; but the 
inflection never increased, and disappeared in IG hrs. 30 m. 
from tho time when the fragments were first ai)plied. With the 
second leaf there was a trace of incurvation in 2 hrs. 15 m., 
w'hich became decided in 4 hrs. 30 m., and still more strongly 
pronounced in 7 hrs., but after 19 hrs. 30 m. had plainly 
decreased. Tho fragments excited at most a slight and doubtful 
increase of the secretion; and in two other trials, no increase 
could be perceived. Bits of coal-cinders, placed on a leaf, pro- 
duced no effect, either owing to their lightness or to the leaf 
l)eing torpid. 

Experiment 12.— Wo will now turn to fluids. A row of drops 
of a strong infusion of raw meat were placed along tho margins 
of two leaves; squares of sponge soaked in the same infusion 
being placed on the opposite margins. My object was to ascer- 
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tain whether a fluid would act as energetically as a substance 
yielding the same soluble matter to the glands. Ko distinct 
differenco was perceptible; certainly none in tlic degree of in- 
curvation ; but the incurvation jound the bits of sponge lasted 
ratlier longer, as might perhaps have been expected from the 
sponge remaining damp and supplying nitrogenous matter for a 
longer time. The margins, with the drops, became plainly 
incurved in 2 hrs. 17 in. The incurvation sul)scquently increased 
somewhat, but after 24 hrs. Imd greatly decreased. 

/^Jxiieriment 13.— Droi)s of tlie same strong infusion of raw 
meat were placed along the midrib of a young and rather deeply 
concave loaf. The distance across tl^ broadest part of the leaf, 
Ixitweeii the naturally incurved edges, was *55 of an inch (13*97 
inm.). In 3 hrs. 27 m. this distance Avas a trace less ; in 6 Iirs. 
27 Di. it was exactly *45 of an inch (11*43 mm.), and had therefore 
decreased by *1 of an inch (2*54 mm.). After only 10 hrs. 37 m. 
the margin began to re-expand, fop the distance from edge to 
edge was now a trace wider, and after 24 lirs. 20 m. was as 
great, within a hair’s breadth, as when the drops were first 
placed on tlie leaf. From this experiment wo learn that the 
motor impulse can bo transmitted to a distance of *22 of an 
inch (5*538 mm.) in a transverse direction from the midrib to 
both margins; but it would be safer to say *2 of an inch 
(5*08 mm.), as the dr()i)S spfead a little l)eyoiul tins midrib. 
The incurvation tlius caused lasted for an unusually short time. 

Jfxpin'inieht 14.— Three droi)8 of a solution of one pirt of 
carboiiiitc of ammonia to 218 of w^atcr (2 grs. to 1 oz.) were 
placed on the margin of a leaf. These excited so much secretion 
tliat in 1 h. 22 m. all throe drops ran together; but although the 
Icjaf was ol)served for 24 hrs., tliere w^as no trace of inflection. 
We know that a rather strong solution of this salt, though it 
does not injure the leaves of Drosera, paralyses their power of 
movement, and I have no doubt, from the following case, that 
this holds good with Pinguicula. 

Experiment 15. — A row of drops of a solution of one part of 
carbonate of ammonia to 875 of water (1 gr. to 2 oz.) was placed 
on the margin of a leaf. In 1 hr. there was apparently some 
slight incurvation, and this was w*ell marked in 3 hrs. 30 ni. 
After 24 hrs. the margin was almost completely re-expanded. 

Experiment 16. — A row of large drops of a solution of one 
part of phosphate of ammonia to 4375 of water (1 gi*. to 10 oz.) 
was placed along the margin of a leaf. No effect was produced, 
and after 8 hrs. fresh drops were added along the same margin 
without the least effect. We know that a solution of this 
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slrengtli acts iioworfully on Droscra, and it is just possible that 
the solution was too strong. I regrot that I did not try a weaker 
solution. 

Expvrimpiit 17. — ^\s the lU'jssure from bits of glass causes 
incurvation, 1 scratched the margins of tw'o lcavo«s for some 
minutes with a blunt ni'cdlc, but no effect was produced. Tho 
surface of a leaf beneath a drop of a strong infusion of raw 
meat was also rul>lKxl for 10. m. with the (?nd of a bristle, 
so as to imitate tho struggles of a captured insect; but this 
part of the margin did not Ixjiid sooner than tho other parts 
with undi.sturbLMl drops of the infusion. 

Wc learn from tlu' forogroing experiments that tlic 
margins of the leaves curl inwards wlicn exeit('d by 
the mere 2 >rossur(‘ of ol)j(‘ets not yiedding any soluble 
niatt(*r, by objects yi<‘ldiug siieli matter, and by soiue 
fluids ’iiumely an infusion of raw meat and a weak 
solution of earbonato of ammonia. A stronger solu- 
tion of two grains of this salt to an ounce of water, 
tliougli exciting eojuons s('(^rotiofi, i)araly8os the leaf. 
Drops of water and of a solutiefb of sugar or gum did not 
eaus(i any movement. Serat(Oiing the surface of the 
loaf for some minutes ]mMlueed no effect. Therefore, 
as far as we at jjreseiit know, only two causes — njimely 
slight (jontinued pn'ssure and the absorption of nitro- 
genous matter — excite movement. It is only the 
margins of the leaf which bend, for the apex never 
curves towards tho base. The 2)edie(Js of the glan- 
dular liairs have no i)Ower of inovcjment. I obs(?rved 
on several occasions that tho surface of the leaf he- 
oamc slightly (loncavo where bits of meat or largo 
flies liad long lain, but this may have been due to 
injury from over-stimulation. 

The shortest time in whi(di plainly marked move- 
ment was observed was 2 hrs. 17 m., and this occurred 
when citlier nitrogenous suhstiinces or fluids were 
placed on the leaves ; but 1 believe that in some cases 
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thore was a tracro of movement in 1 lir. or 1 hr. 30 m. 
The pressure from fragments of glass oxeites move- 
ment almost as quickly as the absor 2 )titm of nitro- 
genous matt(T, but the (tjgreo of incurvation thus 
caused is much h’iss. After a leaf lias become well 
iiKUirved and has again ex 2 >anded, it will not soon 
answer to a fresh stimulus. The margin was aflFected 
longitudinally, upwards or downwards, for a distance of 
•13 of an inch (3*302 mm.) from an ex(;it(?d point, but 
for a distance .of ‘ K) of an inch between two excited 
I)oints, and transversidy for a distance of ‘2 of an 
inch (5’08 mm.). The motor imiiulse is not accom- 
panied, as in the case of Drosi^ra, by any influence 
causing increased secretion; for when a single glacid 
was strongly stimulat'd and secretoil cojjiously, the 
surrounding glands were not in the least aftected. 
The incurvation of the margin is independent of in- 
crc'ased secretion, for fnigments of glass cause littlo 
or no secretion, and yi/t excite movement; whereas 
a strong solution of carbonate of ammonia quickly 
excites co])ious secretion, but no movomont. 

One of the most cm*ious fjicts with resjiect to tho 
movement of the loaves is the short time during whic.h 
they remain immrved, although the exciting object is 
left on them. In the majority of cases there was well- 
marked re-exjiansion within 24 hrs. from the time 
when even Ikrge jiicces of meat, &c.,‘were placed on 
the Iciaves, and in all cases within 48 hrs. In one 
instance the margin of a loaf remained for 32 hrs. 
closely inflected round thin fibres of meat ; in another 
instance, when a bit of sjiongo, soaked in a strong in- 
fusion of raw moat, had l)een ^ 

margin began to unfold in 35 hrs. Fragments of glass 
keep the margin incurved for a sliprter time than do 
nitrogenous bodies ; for in tho former case there was 
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complete ro-ox])aTision in Id hrs. 30 in. Nitrogenous 
fluids juit for a shorter time tliau nitrogenous suIh 
stancos ; tluis, when drops of an infusion of raw meat 
were plaecjd on the midrib of a leaf, the ineurvod 
mjirgins began to unfold in only 10 hrs. 37 ni., and 
this was the quickest act of re-expansion observed by 
me; but it may have been partly duo to the <listanee 
of the margins from the midrib where the drops lay. ’ 
We are naturally led to inquire what is the use of 
this movement which lasts for so short a time? Tf 
very small objects, such as fibres of nn^at, or moderately 
small objects, such as little flies or cabl)ag(?-seeds, arc 
placed close to the margin, they are either completely 
or- partially embrac.ed by it. The glands of the ovcjr- 
lapping margin arc thus brought into contact with 
such objects and pour forth their secretion, aftcTwards 
absorbing the digcstoil matter. But as the incurvation 
lasts for so shc#rt a time, any such benefit (•an bo of 
only slight importance, yet j)erhaps greater than at 
first appears. Th() plant lives in humid districts, and 
the ins()(;ts whicdi adhere to all parts of the hjaf are 
washed by every heavy shower of rain into the narrow 
channel formed by the naturally incjirved edges. For . 
instance, my friemd in North Wales placed several 
insects on some leaves, and two days afterwards (there 
having bcjen In^avy rain in the interval) found some of 
tlujm (piite waslujd away, and many others safely 
tucked under the now closely inflected margins, the 
glands of which all round the insects were no doubt 
seconding. We (!an thus, also, understand hoiv it is 
that so many insects, and fragments of insects, are 
gcmcrally found lying within the incurved margins 
of the leaves. 

The incurvation of the margin, due to the presence 
of an exciting object, must be serviceable in another 
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anfl probably more important way. Wo have seen 
that wluMi largo bits of moat, or of spongo soaked 
in tlie jui(5e of moat, were placjcd on a leaf, the margin 
was not able to embrace tlicmi, but, as it became 
incurv(Ml, piisluMl thorn very slowly towards the middle 
of th(? leaf, to a distance from the outside of fully 
*1 of an inch (2‘54 mm.), that is, across between 
oue-third and one-fourth of the space between the 
edge and midrib. Any ohjoct, such as a inodorately 
siziMl insc'ct, would thus he brought slowly into contact 
with a far larger numl)er of glands, inducing much 
more secretion and absorption, than would otlierwiso 
have been the case. 'I’hat this would be liiglily ser- 
viceable to the plant, we may infer from the fact that 
l)ros(jra has acquired highly developed ])owersof move- 
iiKUit, iruircly for the sake of bringing all its glands 
into contact with captured inseets. So again, after 
a Iciaf of Dionjca lias caught an insect, the slow 
pressing tog(3tlier of tlie two lobes serves merely to 
bring the glands on both sides into contact with it, 
causing also the secretion cliarged with animal matter 
to spr(‘ad by capillary attraction ov(T the whole sur- 
face. In the (^as(^ of Vinguic.ula, as soon as an insect 
has been pushed for some little distance towards the 
midrib, imnuHliate re-expansion would be beneficial, as 
the margins could not mpturc fresh prey until*thoy 
were uiifohhjfl. The service rendered by this pushing 
action, as well as that from the marginal glands being 
brought into contact for a "short time with the upper 
surfaces of minute captured ins(x*ts, may perhaps 
account for the peculiar movements of the leaves; 
otherwise, we must look at these movements as a 
remnant of a more highly developed power formerly 
possessed by the progenitoi’s of the genus. 

In the four British species, and, as I hear from 
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Prof. Dyer, in most or all the species of the goiiiis, 
the otlgc3S of the heaves arc in somo degree naturally 
and permanently incurved. This incurvation servers, 
as already shown, to prevent insects from being 
washed {iway by the rain ; but it likewise serves for 
another end. AVlnm a number of glands hav(j been 
powerfully excited by bits of moat, insects, or any other 
stimulus, the sccjrcdion often trie, kies down the leaf, 
and is caught by the incurved edges, instead of rolling 
oft* and being lost. As it runs down the channel, fresh 
glands ar(j able to absorb the animal matt<^r InJd in 
solution. Sloreover, the secretion often collects in 
little pools witliiii the chanmd, or in the spoon-like 
tips of the leaves; and I ascertained that bits of albu- 
men, fibrin, and gluten, are here dissolved nioro 
quickly and eom])letely than on the surfac-e of the 
leaf, where the seenstion cannot accumulate; and so 
it would be with naturally caught insects. The secn?- 
tion was reju-Mitcidly mon thus to collect on the leaves 
of plants protected from the rain ; and with exposed 
plants there would bo still gr(3at(5r lU'od of some j)ro- 
visiou to prevent, as far as possible, the secretion, with 
its dissolved animal matter, being wholly lost. 

It has alrcjady b(M.‘n remarktjd that plants growing 
in a state of nature have the margins of their leaves 
mu(;h more strongly incurved than those grown in 
pots and prevented from catching many insects. We 
have s(icn that insects washed down by the rain from 
all parts of the leaf oftciir lodge within the margins, 
which are thus excited to curl farther inwards; and 
we may suspect that this action, many times repeated 
during the life of the plant, leads to their permanent 
and well-marked incuirvation. I regret that this view 
did not occur to me in time to test its truth. 

It: may here be added, though not immediately 
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b(iaring on our subject, that wlicri a plant is pulled 
up, the leaves immediately curl downwards so as 
almost to (•oneeal the roots, — a fact which has b(?on 
noticed by many persons. I su])])oso that this is due 
to the same tendency which causes the outer and older 
loaves to lie flat on the ground. It further appears 
that the flower-stalks an? to a certain extent irritable, 
for Dr. Johnson states that they “ bend backwards if 
rudely handled.” * 

Sacretion^ Msorption, and DiyMion . — I will first give 
my observations and experiments, find then a summary 
of tlie results. 


Tiie Effects of Objects containing Sohihlc Kitrogmous Matter, 

(1) FUes were placed on many leaves, and excited the glands 
to secrete copiously ; the secretion alwa.^s becoming acid, though 
not so liefore. After a time these insects were reiiflercd so 
tender that their limbs and bodies coultl be separated by a 
mor (3 touch, owing no doubt to the digestion and disintegration 
of their muscles. The glands in contact w'ith a small fly con- 
tinued to secrete for four days, and then became almost dry. 
A narrow strij) of this leaf was cut off, and the glands of the 
longer .and shorter hairs, wliich had lain in contact for tluj 
four days with the fly, and those which li.ad not touc.hcd it, 
were compared under the microscope and presented a won- 
derful contrast. Those which had been in contact were filled 
w’ith browmish granular matter, the others wdth honiogenooiis 
fluid. There could therefore be no doubt that the former had 
absorbed matter from the fly. 

(2) Small bits of roast meat, }flaccd on a leaf, always caused 
much acid secretion in the course of a few hours — ^in one case 
within 40 m. When thin fibres of moat were laid along th<‘ 
margin of a leaf which stood almost upright, the secretion ran 
down to the ground. Angular bits of meat, placed in little 
pools of the secretion near the moi-gin, were in the course of 


* ‘ En^liah Botany,’ by Sir J. E. Smith : with coloured figures by 
J. Sowerby ; edit, of 1882, tab. 24, 25, 2G. 
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two or three days much reduced in size, rounded, rendered 
more or less colourless and transparent, and so much softened 
that they fell to pieces on the slightest touch. In only one 
instance was a very minute pirticle completely dissolved, and 
this occurred within 48 hrs. When only a small amount of 
secretion Avas excited, this was generally absorbed in from 24 hrs. 
to 48 hrs. ; tlie glands being left diy. But when the supply ot 
secretion was copious, round cither a single rather large bit of 
meat, or round several small bits, the glands did not l)ecomc 
dry until six or seven days had elapsed. The most rapiil case 
of absorption observed by mo was when a small drop of an 
infusion of raw meat was placed on a leaf, for the glands here 
became almost dry in 3 hrs. 20 m. Glands excited by small 
particles of meat, and which liavc quickly absorbed their own 
secretion, l)egin to secrete again in the course of seven or eight 
days from the time Avhen the meat was given tluiin. 

(3) Three minute cubes of tough curtilauc from tlic log- bone 
of a sheep were laid on a leaf. After 10 hrs. 30 m. some acid 
secretion was excited, hut the cartilage appeared little or not at 
all affected. After 24 hrs. the cubes were rounded and much 
reduced in size ; after 32 hrs. they wore softened to the centre, 
and one was quite liquefied; after 35 hrs. meiu traces of solid 
cartilage Avere left ; and after 48 hrs. a trace could still be seen 
through a lens in only one of the three. After 82 hrs. not 
only Avere all three culx3S completely liquefied, but all the secre- 
tion Avas absorl)ed and the glands left dry. 

(4) Small cubes of alhumvn were placed on a loaf ; in 8 hrs. 
feebly acid secretion extended to a distance of nearly of an 
inch round them, and the angles of one cube avcji-o rounded. 
After 24 hrs. the angles of all the cubes Avero rounded, and 
they Avere rendered throughout very tender ; after 30 hrs. the 
secretion began to decrease, and after 48 hrs. the glands were 
left dry; but very minute bits of albumen were still left 
undissolvcd. 

(5) Smaller cubes of alhumen (about Jy or -,j\y of an inch, 
‘508 or *423 mm.) were placed on four glands ; after 18 hrs. one 
cube was completely dissolved, the othera being much mduced 
in size, softened, and transparent. After 24 hrs. two of the 
cubes were completely dissolved, and already the secretion on 
these glands was almost Avholly absorbed. After 42 hrs. the 
two other cubes were completely dissolved. These four glands 
began to secrete again after eight or nine days. 

(6) Two largo cubes of albumen (fully of an inch, 1*27 mm.) 

were placed, one near the midrib and the other near the margin 
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of a leaf; in 6 lirs. there was much secretion, which after 48 hrs. 
accumulated in a little pool round the cube near the margin. 
This cube was much more dissolved than that on tlio blade of 
tlie leaf; so that after three days it was greatly reduced in size, 
with all the angles rounded, but it was too largo to bo wliolly 
dissolved. Tim secretion was partially absorbed after four days. 
•The cube on the blade was much less reduced, and the glands 
on wliicli it rested began to dry after only two days. 

(7) Fiht'in excites less secretion than does meat or albumen. 
Several trials were made, but I will give only three of them. 
-Two minute shreds were placed on some glands, and in 3 hrs. 
45 in. tlicir s(H;retion was plainly inGi;cased. The smaller shred 
of the two was completely ]i(|uefied in 6 hrs. 15 m., and the other 
in 24 hrs. ; but oven after 48 hrs. a few granules of fibrin could 
still be seen through a lens floating in both drops of secretion. 
After 5() hrs. 30 m. these granules were completely dissolved. 
A third shred was placed in a little jiool of secretion, within 
the margin of a leaf whore a seed had been lying, and this 
was completely dissolved in the course of 15 hrs, 30 m, 

(8) Five very small bits of glutm were placed on a leaf, and 
they excited so much secretion that ^ one of the bits glided 
down into the marginal furrow. After a day all five bits seemed 
much reduced in size, but none were wholly dissolved. On the 
third day I pushed two of them, which had begun to dry, on 
to fresh glands. On the fourth day undissolvcd tmees of three 
out of tlie live bits could still bo detected, the other two having 
quite disappeared; but I am doubtful whether they had really 
Ix'en completely dissolved. Two fresh bits were now placed, 
one near the middle and the other near the margin of another 
leaf; both excited an extiuordinary amount of secretion ; that 
near the margin had a little pool formed round it, and was 
much more reduced in size tlian that on the blade, but after 
four days was not completely dissolved. Gluten, therefore, 
excites the glands greatly, but is dissolved with much difficulty, 
exactly as in the case of Drosera. I regret that I did not try 
this substance after having been immersed in weak hydrochloric 
acid, as it would then probably have been quickly dissolved. 

(9) A small square thin piece of* pure gehttiiie, moistened 
with water, was placed on a leaf, and excited vciy little secre- 
tion in 5 hrs. 30 m., but later in the day a gi-eatcr amount. 
After 24 hrs. the whole sciuare was completely liquefied; and 
this would not have occurred hod it been loft in water. The 
liquid was acid. 

(10) Small particles of chemically prepared casein excited 
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acid secretion, but were not quite dissolved after tw’o days ; and 
the glands then began to dry. Nor could their complete dis- 
solution have been expected from what we have seen with 
Drosera. 

(11) Minute drops of skimmed milk were placed on a leaf, and 
these caused the glamls to secrete freely. After 3 hrs. the milk 
was found curdled, and after hrs. the curds were dissolved. 
On placing the now clear droi)s under the microscope, nothing 
could be detected except some oil-globules. The secretion, 
tlierefore, dissolves fresh casein. 

(12) Two fragments of a leaf were immersed for 17 hrs., 
each in a drachm of a solution of cnrhomita of amraonin, of two 
strengths, namely of one part to 437 and 218 of water. The 
glands of the longer and shorter hairs wore then examined, and 
their contents found aggregated into granular mattcjr of a 
brownish-green colour. These granular masses wore scon by 
my son slcnvly to change their forms, and no doubt consisted of 
protoplasm. The aggregation was more strongly pronounced, 
and the movements of tlie protoplasm more rapid, witlun the 
glands subjected to the stronger solution than in the others. 
The experiment was re^icatod with the same result; and on 
tliis occasion I observed that the protoplasm had shrunk a litths 
from the walls of the single elongated cells fonning the pedicels. 
In order to observe the process of aggregation, a narrow strip 
of leaf was laid edgeways under the microscope, and the glands 
were seen to be quite transparent ; a little of the stronger solu- 
tion (viz. one pjvrt to 218 of water) was now added under the 
covering glass ; after an hour or two the glands contained very 
fine granular matter, which slowly lieoame coarsely granular 
and slightly oiiaquo; but even after 5 hrs. not as yet of a 
brownish tint. Jly this time a few rather largo, transparent, 
globular masses appeared within the upper ends of the pcilicels, 
and the protoplasm lining their walls had slirunk a little. It 
is thus evident that the glands of Pinguicula absorb carbonate 
of ammonia ; hut they dR not absorb it, or are not acted on t>y 
it, nearly so ([uickly as those of Drosera. 

(13) Little masses of the orange-coloured xHtllen of the 
common pea, placed on ‘several leaves, excited the glands to 
secrete freely. Even a very few grains which accidentally fell 
on a single gland caused the di'op surrounding it to increase so 
much in size, in 23 hrs., as to l)e manifestly larger than the 
drops on the adjoining glands. Grains subjected to the sdcrction 
for 48 hrs. did not emit their tulos; they wore quite dis- 
coloured, and seemed to contain less matter than before ; that 
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which was left iKiiiig of a dirty colour, including globules of oil. 
They thus dilTered in appearance from other grains kept in 
water for tlie same length of time. The glands in contact with 
tlie pollen-grains had evidently absorbed matter from them ; for 
they had lost their natural palo-grcen tint, and contained aggre- 
gated globular masses of protoplasm. 

(14) Square bits of the leaves of spinach, cabbage, and a 

saxifrage, and the entire leaves of Erica tetraliXy all excited the 
glands to increased secretion. The spinach was the most effec- 
tive, for it caused the secretion evidently to increase in 1 hr. 
40 m., and ultimately to run some way down the leaf ; but the 
glands soon began to dry, viz. after 3(^ hrs. The loaves of Erim 
tetralix Ixigan to act in 7 hrs. 30 m., but never caused much 
secretion ; nor did the bits of leaf of the saxifrage, thougli in 
this case the glands continued to secrete for seven days. Somc^ 
leaves of Pinguicula were sent mo, from North Wales, to which 
leaves of Erica tetralix and of aii unknown i>lant adhered ; and 
the glands in contact with them had their contents plainly 
aggregated, as if they had been in contact with insects ; whilst 
the other glands on the siiino leaves contained only clear 
homogeneous fluid. ^ 

(15) tiveds , — A considerable number of seeds or fruits se- 
lected by hazard, some fresh and some a year old, some soaked 
for a short time in water and some not soaked, wore tried. The 
ten following kinds, namely cabbage, radish. Anemone nemo- 
rasa, liumtix acetosa, Carex syloatica, mustard, turnip, cress, 
Jtanunculns acria, and Avena pahacAma, all excited much secre- 
tion, which was in several cases tested and found always acid. 
The live first-nained seeds excited the glands more thad the 
others. The secretion was seldom copious until about 24 hrs. 
had elapsed, no doubt owing to the Croats of the seeds not being 
easily permeable. Nevertheless, cabbage seeds excited soini* 
secretion in-4 hrs. 30 m. ; and tliis increased so much in 18 hrs. 
as to run down the leaves. The seeds or properly the fruits of 
Carex are much oftener found adhering to leaves in a state of 
nature than those of any other genus ; and the fruits of Carex 
sylvatica excited so much secretion that in 15 lu's. it ran into 
the incurved edges; but tlie glands ceased to secrete after 
40 hrs. On the other hand, the ^onds on which the seeds 
of the Bumex and Avena rested continued to secrete for nine 
days. 

The nine following kinds of seeds excited only a slight 
amount of secretion, namely celery, parsnip, caraway, Linum 
grandiflorum. Cassia, Trifolium pannonicam^ Plantago, onion 
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and Bromus. Moat of these seeds did not excite any secretion 
until 48 lirs. had elapsed, and in the case of the Tri folium only 
one seed acted, and this not niitil the third day. AlthouRli the 
seeds of the Tlantago excited very little secretion, the ^^lands 
conliuued to secrete for six dajs. Tjastly, the five followinp: 
kinds excited no secretion, though left on the leaves for two 
or three days, namely lettuce, Eriai tetralir, AtHplex hortrvsis, 
Ehaluris anaiHonsis, and wheat. Ncjvcrtheless, when the seeds 
of the lettuce, wheat, and Atriplex were sj^lit open and «a])pliod 
to leaves, secretion was excited in considerable cpiantity in 
10 hrs., and I bcli(ive that some was excited in six hours. Tn 
tho case of the Atriplex the secretion ran down to the margin, 
and after 21 hrs. 1 speak of it in my notes “as immense in 
quantity and acid.” Tho split seeds also of the Tri folium and 
celery acted ])Owerfully and quickly, though the whole setuls 
caused, as we have seen, very littki secretion, and only after a 
long interval of time. A slice of the common pea, which how- 
ever was not tried whole, caused secretion in hrs. h’roin 
these facts avo may conclude that the great difTerence in the 
degree and rate at which various kinds of seesds cxinte socro- 
tion, is chiefly or Avholly due to the dillercnt permeability 
of their coats. 

Some thin slices of the common pea, which had been pre- 
viously soaked for 1 hr. in water, Avere jdaced on a leaf, and 
quickly excited much acid secretion. After 21 hrs. those slices 
Avere compared under a high power with others left in water 
for the same time ; the latter contained so many fine granules 
of legumin that the slide was rendered muddy ; Avliercjas tho 
slices which had been subjected to tlio scci’ction were much 
cleaner and more transparent, the granules of legumin appa- 
rently having been dissolved. A cabbage seed Avhich had lain 
for tAvo days on a leaf and had excited much acid secretion, 
was cut into slices, and these were compared Avith those of 
a seed which had lieen .left for the same time in water. Those 
subjected to the secreuon were of a paler colour ; their coats 
pi'csenting the greatest differences, for they were of a pale dirty 
tint instead of chestnut-broAvn. Tho glands on which tlio 
cablvige seeds had rested, as Avell as those bathed by tho sur- 
rounding secretion, differed greatly in appearance from the other 
glands on the same leaf, for they all contained brownish granular 
matter, proving that they had absorbed matter from the seeds. 

That the secretion acts on the seeds Avas also shoAvn by some 
of them being killed, or by the seedlings being injured. Fourteen 
cabbage seeds were left for three days on leaves and excited 
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much Rccrction; they wore then placed on damp sand under 
coiulitions known to Ixi favourable for germination. Three 
never germinated, and this w’as a far larger proportion of deaths 
tlian occurred with seeds of the same lot, which had not bcjen 
subjected to the secretion, but were otherwise treated in the 
same manner. Of the eleven seedlings raised, three had tlie 
edges of their cotyledons slightly browned, as if scorched ; and 
the cotyledons of one grew into a curious indented shape. Two 
mustard sfietls germinated; but their cotyledons were marked 
with brown patches and their radicles deformed. Of two radish 
seeds, lujither germinated ; whereas of many seeds of the same 
lot not subjected to the secretion, all^ excepting one, germinated. 
Of the two Riiinex seeds, one died and the oilier germinated ; 
but its i*adiclo was brown and soon withered. Both seeds of the 
Avena geriniiiate«l,<»ne grow well, the other had its radicle bi’Otvn 
and witluired. Of six seeds of the Erica none germinated, and 
when cut open after having Ixjcii left for live months on damp 
sand, one alone seemed alive. Twenty-two seeds of various 
kinds wer(! found adlieriiig to the leaves of plants growing in a 
state of nature ; and of these, tliougli kept for five months on 
damp Siind, none germinated, some bej^ig then evidently dead. 


The Kffeds of OhJectH not contaminfj Soluble Nilror/enous Matter, 

(1(5) It has already been shown that bits of glass, placed on 
leaves, excite little or no secretion. The small amount wliich 
lay lieneatli the fragments was tested and found not acid. A 
bit of wood excited no secretion ; nor did the several kinds of 
seeds of which the coats are not i)ermeablc to the secretion, ami 
which, therefore, acted like inorganic bodies. Cubes of fat, left 
for two days on a leaf, ])roduced no eftbet. 

(17) A particle of Avliite placed on a leaf, formed in 

1 hr. 10 rn. a largo droii of fluid, which in the course of 2 
additional hours ran down into the naturally inflected margin. 
This fluid was not in the least acid, and began to dry np, or 
more probably was absorlied, in 5 hrs. 80 m. The exi)orimeiit 
was repeated ; particles Ixiiiig placed on a leaf, and otlicrs of 
the same size on a slip of glass in a moistened state ; l)oth being 
covered by a bell-glass. This was done to seo wiietlicr the 
increased amount of fluid on the leaves could lie due to mere 
deliquescence; but this was proved not to be tlie case. The 
particle on the leaf caused so much secretion that in tlie course 
of 4 hrs. it ran down across two-thirds of the leaf. After 8 hrs. 
the loaf, which was concave, was actually filled with very visckl 
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fluid ; and it particularly deserves notice tliat this, as on the 
former occasion, was not in the least acid. Tlii» great amount 
of secretion may be attributed to c^xosmosc. The glands which 
had been covered for 24 hrs. by this fluid did not differ, wdien 
examined under the microscoi)c, from othera on the same leaf, 
which had not come into contact with it. This is an interesfing 
fact in cx)ntrast with the invariably aggregated condition of 
glands which have been bathed by the secretion, when holding 
animal matter in solution. * ® 

(18) Two particles of (jm/i arahic were placed on a leaf, and 
they certainly caused in 1 hr. 20 m. a slight increase of secretion. 
Tliis continued to increjise^ for the next 5 hrs., that is for as 
long a time as the leaf was observed. 

(19) Six small particles of dry starch of commerce wei-e placed 
on a leaf, and one of these caused some secretion in 1 hr. 15 m., 
and the others in from 8 hrs. to 9 hrs. The glands which had thus- 
been excited to secrete soon became dry, and did not begin to 
secrete again until the sixth day. A larger bit of starch was 
then ijlaced on a leaf, and no secretion was excited in 5 hrs. 
30 m. ; but after 8 hrs. there was a considerable sui)ply, which 
increased so much in 2Jl hrs. as to run down tlio leaf to the 
distance of f of an inch. This secretion, though so abundant, 
was not in the least acid. As it was so copiously excited, 
and as seeds not rarely adhere to the loaves of naturally 
growing plants, it occurred to me that the glands might 
]:)erhaps have tlie power of secreting a feimeiit, like ptyaline, 
capable of dissolving starch ; so I carefully observed the above 
six small particles (luring several days, but they did not seem 
in the least reduced in bulk. A particle was also left for two 
days in a little pool of secretion, which had run down from a 
I>icce of spinach leaf ; but although the particle was so minute 
no diminution was perceptible. We may therefore conclude 
that the secretion cannot dissolve starch. The increase caused 
by this suljstance may, I presume, l)e attributed to exosmose. 
But I am surprised that starch acted so quickly and powerfully 
as it did, though in a less degree than sugar. Colloids arc known 
to possess some slight power of dialysis; and on placing the 
leaves of a Primula in water, and others in syriip and diffused 
starch, those in the starch l)ecamc flaccid, but to a less degree 
and at a much slower rate than the leaves in the syrup; those in 
water reqaaining all the time crisp. 


From the foregoing experiments and observations we 
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see that objects not containing soluble matter have 
little or no^])ower of exciting the glands to secrete. 
Non-nitrog(inous fluids, if d<inso, (;ause the glands to 
pour forth a large supply of viscid fluid, but this is 
not in the least acid. On the other, hand, the secre- 
tion from glands excited by contact with nitrogenous 
solids oi\li(piids is invariably acid, and is so copious 
that it often runs down the leaves and collects 
within the naturally incurved margins. The secre- 
tion in this state bis th(5 jKiweir of quicikly dissolving, 
that is of digcisting, tlio muscles of insects, meat, 
cartilage, albumen, fibrin, gelatine, and casein as 
it exists in the curds of milk. The glands are 
strongly excited by chemically pre])ared casein and 
gluten; but tlujse subsbinces (the latter not having 
been soaked in weak hydrochloric acid) are only 
partially dissolved, as was lifeiwise the case with 
Urosera. The secretion, wlum containing animal 
matter in solution, whether derived from solids 
or from liquids, such as an infusion of raw moat, 
milk, or a weak solution of carbonate of ammonia, 
is quickly absorbed; and the glands, which >vere 
beforti limpid and of a greenish colour, become brownish 
ami contain masses of aggregated granular matter, 
This matter, from its spontaneous inoveinonts, no doubt 
consists of protoplasjn. No such effect is produced 
by the action of non-nitrogenoiis fluids. After the 
glands have been excited to secrete freely, they cease 
for a tim(i to secrete, but begin again in the course of 
a few days. 

Glands ill contact with pollen, the leaves of other 
plants, and various kinds of seeds, pour forth mucli 
acid secretion, and afterwards absorb matter probably 
of an albuminous nature from them. Nor can the 
benefit thus derived bo insignificant, for a considemble 
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® amount of pollen must be blo\m from the many 
wind-fertilised carieos, grasses, growing where 

Pinguieula lives, on to the h'aves thiekly covcn-ed with 
viscid glands and forming largo roscjttes. Even a f<»w 
grains of pollen on a single gland cause's it to 
secr(‘to coiiiously. Wo have also seen how fr('- 
«[uently the small leaves of Erica tefralix and of 
other plants, as w(ill as various kinds of seeds and 
fruits, especjially of Carex, adhere to the leaves. One 
leaf of the Pinguieula had caught ten of the little 
leav<'s of th(i Erica; and three leav('s on the same 
l)lant had each caught a sec^d. Seeds subjected 
to tlui action of the secn^tion are somcitimes killed, 
or the seedlings injured. We may, th('rt'.fore, eon- 
clud(j that Pinguieula vulgaris, with its small roots, 
is not only supported to a largo (‘xtent by tln^ extra- 
(U’dinary numbcjr of insecjts which it habitually caj>- 
tures, but likewise draws some noiirishmcmt f/om the 
pollen, leaves, and seeds of other plants whuJi often 
adhere to its loaves. It is therefore partly a vc'getabh^ 
as w(5ll as an animal feeder. 

PiXGUIOULA GRANDIFLORA. 

This species is so closely allied to the last that it is 
ranked by Dr. Hooker as a sub-species. It diflers 
chiefly in tho larger size of its loaves, and in the 
glandular hairs lu^ar the basal i)art of the midrib 
being longer. But it likewise diflers in constitution; 
T hear from Mr. Halfs, Avho wns so kind as to send 
iiK' plants from Cornwall, that it grows in rather 
difterent sites; and Dr. Moore, of thd" Glasnevin 
Botanic Gardens, infonns me that it is much more 
manageable under culture, growing freely and flower- 
ing annually; whilst Pinguieula vulgaris has to be 
renewed every year. Mr. lialfs found numerous 
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iiisocis and fragments of insects adhering to almost all 
tlio leav(}S. These consisted chiefly of Diptera, with 
some llymenoptora, Homoptera, Coleoptc^ra, and a 
moth. On oiHi leaf tliere were nine dead insects, 
b(*.sid(‘s a few still alive. He also observed a f(?w fruits 
of CartiX pulicariH^ as well as the seeds of this same* 
l^ingnie.nla, adhering to the leavers. I tri(jd only two 
experiments with this species; firstly, a fly was plaecnl 
near th(5 margin of a leaf, and after 1(5 hrs. this was 
found well infl(jcted. Second lyj several small flicks wtu'e 
p]a(.*e<l in a row along oiui margin of amdher leaf, and 
by the next morning this whole margin was ciirh'd 
inwards, exacdly as in the case of Pingxdcdla vulgaris, 

PlXtUJIOULA LUSITANICA. 

This species, of which living speedmons were sent me 
by 3Ir. llalfs from Cornwall, is very distiiu^t from the 
two foregoing ones. The leaves are ratlnu* smaller, 
much more transparent., and are inarh(*(l with jnirph^ 
braiudiing v(uns. The margins of the leavers are much 
more involuted; those of the older ones (extending 
over a third of the spacer between the midrib and the 
outside. As in the two other species, the glandular 
hairs consist of longer and shorter ones, and have the 
same strue.ture ; but the glands differ in b(Mng purple, 
and in often containing granular matter before they 
have been excited. In the lower part of the l(»af, almost 
half the space on each side between the midrib and 
margin is destitute of glands ; these being replaced by 
long, ratlnn* stiff, multicellular hairs, which intercross 
over the midrijb. These hairs perhaps serv<3 to prevent 
insects from settling on this part of the leaf, where 
there are no viscid glands by which they could be 
caught ; but it is hardly probable that they were 
developed for this purpose. The spiral vessels pro- 
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(•coding fmm the midrib terminate at the extreme 
margin of the h'af in spiral cells ; but those are not so 
well developed as in the two jm'ceding spceic's. The 
Hower-peduneles, sepals, and ])etals, are studded with 
glandular hairs, like those on the leaves. 

The l(wes cat(;h many small ins(K*ts, which are 
found chielly beneath the involuted margins, j)robably 
washed ther(^ by tln^ rain. The (iohjur of the glands 
on whicli iiis(‘cts havc^ hmg lain is changed, beijig 
either broAvnish or pale ])urple, with their contents 
coarsely granular; so that they evuh'iitly absorb 
matbn’ from their i)rey. li(^aves of the Erica teiralix, 
llowers of a Galium, scales of grasses, &c. likewise 
adhered to some of tlu'. leaves, f^ovcmil of tin*, ex- 
periiiKiiits which were tried on Pinguiciila vulgaris were 
repeated on Pinguicula lusitanica, and these will now 
be given. ^ 

(1) A moderately sized and angular bit of albumen was 
plactd on ono side of a leaf, lialtway bctwTCu the midrib and 
the naturally involuted margin. In 2 lira. 15 m. the glands 
poured forth much secretion, and this side became more 
infolded than the opposite ono. The inflection increased, 
and in 3 lirs. 30 m. extended up almost to the apex. After 
24 hrs. llic margin Avas ml led into a cylinder, the outer surface 
of Avhich touched the blade of the leaf and reached to within 
the jjV of an inch of the midrib. After 48 hrs. it began to 
unfold, and in 72 hrs. Avas completely unfolded. The culxj Avas 
rounded and greatly reduced in size; the remainder being in 
a semi-iiquefie(l state. 

(2) A moderately sized bit of albumen was placed near the 
apex of a leaf, under the naturally incurved margin. In 
2 hrs. 30 m. much secretion Avas excited, ami next morning 
the margin on this side was more incurved than the opposite 
one, but not to so great a degree as in the last case. Tlie margin 
unfolded at the same rate as before. A large proportion of the 
albumen was dissolved, a remnant being still left. 

(3) Large bits of albumen Avere laid in a roAv on the midribs 
of two leaves, but produced in the course of 24 hrs. no effect ; 
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nor coaid tliis have been expected, for even had glands 
existe<l here, the long bristles would liave prevejited the 
albumen from coming in contact with them. Oii both leaves 
the bits were now pushed close to one margin, and in 3 lirs. 
80 m. this lK)caLiic so greatly inflected that the outer surface 
touched the blade ; the opjiosite margin not being in the least 
affected. After three days tlie margins of both leaves with the 
albuiiK^n were still as much inflected as ever, and the glands 
were still secreting copiously. With Finyuicula vuhjarU I have 
never seen inflection lasiing so long. 

(4) Two cftbhayt sceda, after being soaked for an hour in water, 
were placed near the mai'gin of a. leaf, and caused in 3 hrs. 
20 m. iiicreascHl secretion and incurvation. After 24 hrs. the 
leaf was partially unfolded, but the glands were still secreting 
freely. These Ixjgan to dry in 48 hrs., and after 72 hrs. were 
almost dry. The two seeds were then placed on damp sand 
under favourable conditions for growth; but they never ger- 
minal (id, and after a time w-cro foimd rotten. They had no 
doubt 1)0011 killed by the secretion. 

(0) Small bits of a sinnach Itaf caused in 1 hr. 20 m, 
increased secriition; and after 3 hrs.^0 m. plain incurvation of 
the margin. The margin was well inflected after 9 hrs. 15 m., 
but after 24 hrs. was almost fully re-expaiidod. The glands 
in contact with the s])inacli became dry in 72 hrs. Bits of 
albunuiu had been jilaced the day before on the opi)osite margin 
of this same leaf, as w'ell as on that of a loaf with cabbage 
seeds, and these margins remained closely inflected for 72 hrs., 
showing how much more endiu’iiig is the effect of albumen than 
of spinach leaves or cabbage seeds. 

(0) A row of small // aymenis of fflass was laid along one 
margin of a leaf ; no effect was procluced in 2 hrs. 10 m., but 
after 3 hrs. 25 m. there seemed to bo a trace of inflection, and 
this was distinct, though not strongly marked, after 6 hrs. The 
glands in contact with the fragments now secreted nn^re fraely 
than before; so that they appear to l )0 more easily excited 
by the pressui'e of inorganic objects than are the glands of Fin- 
yaicula vatijaria. The above slight inflection of the margin had 
not increased after 24 hrs., and the glands were now beginning 
to dry. The surface of a leaf, near the midrib add towards 
the base, was rubbed and scratched for some time, but no 
movement ensued. The long liairs which are situated hero 
w-ere treated in the same manner, with no effect. This latter 
trial was mode because 1 thought that the hairs might perhai)s 
be sensitive to a touch, like the fllaments of Dionsea. 
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(7) The flower-pedniiclca, sepals and petals, boar glands jn 
general appearance like those on the leaves. A piece of a 
flower-peduncle was therefore loft for 1 hr. in a solution of 
one part of carlwnatc of ammonia to 437 of water, and this 
caused the glands to change from bright pink to a dull 
puriilo colour; but their contents exhibited no distinct aggre- 
gation. After 8 hrs. 30 m. they iKscame colourless. Two minute 
culies of albumen were placed on the glands t)f a flower- 
peduncle, and another cuIkj on the glands of a scpvl ; but they 
were not excited to increascil secretion, and the albumen 
after two (Lays was not in the least softened, llciico tlioso 
glands apimrcntly differ gipatly in function from those on the 
leaves. 


From tin? foregoing olrs(*rvutions on Pinffumila lusi- 
tanica wo aoo that the naturally inneh incnrvc'd mar- 
gins of the lijavcs arc excited to curve still farther in- 
wards by contact with organic and inorganic liodics ; 
that albumen, ('4ibl>agc sc'eds, bits of spinach leaves, 
and fnignumts of glass, cause the glands to secndc' 
more freely ; — that albumen is dissolvwl by the 
secretion, and cablwgc! seeds kilh'd by it ; — and lastly 
that matt(*r is absorbed by the glands from the insex'ts 
which arc caught in large numbers by the viscid 
secretion. The glands on the flower-pcidunclcs seem 
to have no such power. This speci(js dilTcrs fnmi Pin- 
ffuicah vulgaris and grandiflora in the margins of the 
leaves, w'hen excited by organic bodies, being inflected 
to a greater degree, and in the inflection lasting for a 
longer time. The glands, also, seem to bo more easily 
excited to inc-reased seciretion by bodies not yielding 
soluble nitrogenous matter. In other respects, as far 
as my oljservations serve, all tlireo species agree in 
their functional powers. 
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CHAPTEK XVJL 

UTKICrLAllIA. 

Ijtrirnlarin nfffheta — Stnu'tnro of tlic liliuMor — Th*? ukl'R of tlio several 
pjirts^ — "NiimlKT of imprisoned animals — Manner of capture — 
'rile Lladilers cannot di;>:est animal uy^atter, hut absorb the pi'odiicts 
of its d<H-ay — KxiM'riments on th^^ absorption of certain iluids by 
the (piiulrifid j)rocesseH — AbKor|)tiou by tlio glands — Summary 
of the nbservsitif>n on absorption — Development of the bladders — 
Vti'ivulan'a vulgaris — Utrirnlaria minor — Tliriciilariaclandcstina, 

I Wa\s 1o( 1 to invostigato the lialats and structure of 
tlio 8j)(H*i(‘S of this genus partly from their helonging 
to th(', same natural family as Pinguiciila, hut more 
os])e(aally hy JHr. Holland’s stAtoment, that ‘‘water 
insects are often found imprisoned in the bladders,” 
which ho suspects “are destined for the plant tt) feed 
on.” * 1'ho plants which 1 first received as Utrirnlaria 
vulgaris from the New Forest in Hampshini ami from 
Cornwall, and which I havtJ chiefly worked on, have 
been determined hy Dr. Hooker to ho a v(»ry rare 
British species, the Utricularia neglecta of Lehm.t I 
subsequently received the true Utricularia vulgaris 
from Yorkshire. Since drawing up the following 
<lescription from my own observations and those of my 
son, Francjs Darwin, an iinjjortant memoir by Prof. Cohn 


* The ‘Quart. Map:, of tho 
Hi«?li Wycombe Nat. flist. fJoc.' 
July 18(i8, p. f). Dclpiuo (‘ Ult’. 
OsKcrvuz. Bullu Dicogumiu,’ &c. 
18G8-180i}, p. 10) also quotes 
Grouaii as haviii^^ found (1858) 
cruRtaceans within the bladders 
of VtriQuUiria vulgaris. 


t I am much indebted to the 
Bov. H. M. W’ilkinson, of Bisteru, 
for }iuvii);j: sent me several fine 
Jots of tliiH species from the New 
Forest. Mr. Kalfs was also so kind 
as to K(‘nd me living plants of the 
same K]K.'ci(‘s from near Penzance 
iu Cornwall. 
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im Utricularia vulgaris has appeared ; * and it has boon 
no small satisfaction to me to find tliat niy account 
agrees almost (?oni])]etely witli that of this distin- 
guished observer. I will publisli my description as 
it stood before reading that by Prof. Cohn, adding 
occasionally some statements on his autliority. 



Fig. it. 

{UlricuJaria n^ghda.) 

Hranch with the divided lciivo.H lx>aring bladders; about twice enlarged. 

Utricularia neglecia . — ^^Fho general appearance of a 
1 branch (about twice enlarged), with the pinnatifid l(*avos 
bearing bladd(;rs, is represented in tlie above sketch 
(fig. 17). The leaves continually bifurcate, so that 
a full-grown one tenninates in from twenty to thirty 


* ‘ Bcitrage zur Biologie dcr Pflanzen, ’ drittes Heft, 1875. 
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l)()ints. Eucli point is tipped by a short, straight 
bristle ; and slight notches on the sides of tlie 
leaves bear similar bristles. On both surfaces there 
are many small jiapilhe, crowned with two hemi- 
sjilierical (.*olls in close contact. The plants float 
near the surface of the water, and are quite destitute 
of roots, (?ven during the earliest period -of growth.* 
Tlusy commonly inhabit, as more than one observer 
has remarked to in(», rcjniarbably foul ditches. 

The bladders oiler the chief point of interest. 
There are often two or three on the same divided leaf, 
g(jnerally near the base ; though I have seen a single 
one growing from the stem. They are supported on 
short footstalks. When fully grown, they are nearly 
Vo- of an inch (2*54 nim.) in length. They are trans- 
lucent, of a greem (jolour, and the walls are formed 
of two layers of cells. The extprior cells arc poly- 
gonal and rather large ; but at many of the points 
where the angles meet, there arc smaller rounded (jells. 
These latter support short conical proj(jctions, sur- 
mountcid by two hcmisj)herical cells in such close 
•apposition that tlujy appear united; but they often 
separate a little when immersed in certain fluids. The 
papilla3 thus formed are exactly like those on the 
surfaces of the leaves. Those on the same bladder 
vary much in size ; and there are a few, especially on 
very young bladders, which liave an elliptical instead 
of a circular outline. The two terminal cells arc 
transparent, but must hold much matter in solution, 
judging from the quantity coagulated by prolonged 
immersion in alcohol or ether. 

* I infer that this is tho case ^ om Lcntibiihiriaceai,’* from the 
from a drawing* of a smiling * ‘ VidcriskalKjli^o Meddelelscr,’ 
^ivcii by Dr. Warming in his Copenhagen, 1874, Xos. 3-7, pp. 
paper, Bidrag til Kundskaben 33^8. 
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The bladders are filled with water. They g(jiierally, 
but by no means always, cAnitaiii bubbles of air. Ac- 
eording to the quantity of tlio eojitained water and 
air, th(»y vary mueli in thickness, but are always some- 
what compressed. At an early stage of growth, the 
flat or ventral surface fa(*es the axis or shun ; but tluj 
footstalks must have some power of movement ; for 
in plants kept in my gnKiuhouse tlu^ vcuitral surfaces 
was geiK'rally turned (utlier straight or obliquely 
downwar<ls. The Iley. 11. M. Wilkinson cxamin(.*d 



f (riricufnria nefflecfa.) 

BlaJdnr; much cnlarg''d. c, (K>Uar iiidistini'tly s(*i‘n tlirniigh tlic wallH. 


plants for me in a state of nature, and found this 
( 5 ommonly to bo the case, but tluj younger bladders 
often had their valves turned ujjwards. 

The general appearance of a bladder viewed late- 
rally, with the appendages on the near side alone 
represented, is shown in the accompanying figurtj 
(fig. 18). The lower side, where the footstalk aris(.‘s, is 
nearly straight, and I have called it the ventral surface. 
The other or dorsal surface is convex, and terminates 
in two long prolongations, formed of several rows of 
irells, containing chlorophyll, and bearing, chiefly on 
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the outside, six or seven long, jjointed, niiilticcllulap 
bristles. Tliese prolongations of the bladder may be 
eonveiii(?iitIy called the antminiey for the ^holc bladder 
(see fig. 17) curiously resembles an entomostraean crus- 
tacean, th(i short footstalk representing the tail. In 
fig. 18, tlie n(.'ar aiitc.uiua alone is shown. Ilcmciath 
the two auteniue tlui end of the bladder is slightly 
truucatiMl, nud liere is situated the most important 
part of whole structure, namely the (mtrance and 
valve. On each side of tluj entrance from three to 
rarely S(.‘V(‘n long, multicellular bristles project oiit- 



Valvfi of bliidiJiT; groatly enlarged. 

wards ; but only those (four in number) on the near 
side are shown in the drawing. Those bristles, to- 
getlier with those borne by the anteiinm, form a sort 
of hollow cone surrounding the entrance. 

The valve slopes into the cavity of the bladder, or 
upwards in fig. 18. It is attached on all sides to 
the bladder, excepting by its posterior margin, or the 
lower one in fig. 19, which is free, and forms one side 
of the slit-like orifice leading into the bladder. This 
margin is sharp, thin, and smooth, and rests on the 
edge of a rim or collar, which dips deeply into the 
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bLid(l<»r, as shown in the longitndimil socjtion 20) 
of the collar and valve ; it is also shown at c, in fig. 18. 
The edge of ^ the valve can thus op(ni only inwards. 
As both the valve and collar dip into tins bladder, a 
hollow or depression is here formed, at the base of 
which lies the slit-lik(5 orifice. 

The valve is colourless, highly transparent, flexible 
and elastic^.. It is convcix in a transverse dir(Mition, 
but has been drawn (fig. 19) in a flatt(;ne<l stat(?, by 
which its apparent breaKlth is increased. It is formed. 



Fiu. 20. 

( rtrimlaria vrgf»in.) 

LoiiRiludinul vr-rticjil section through the ventral |M)rtioii of a Muililer; sliowinir valve 
andculliir. v, valve; the whole prcyt'ctiuii above c forms the collar; b, biflil pro- 
cesses ; I, ventral surface of bladder. 


according to Colin, of two layers of small cells, which 
are continnoiis with the twtj layers of largcjr cells 
forming the walls of the bladder, of which it is evi- 
dently a prolongation. Two pairs of transparent 
jiointeil bristles, about as long as the valve itself, 
arise from near the free posterior margin (fig. 18), 
and point obliqufdy outwards in the direction of the 
antenme. There are also oii the surface of the valve 
numerous glands, as 1 will c^ll them ; for they have 
the power of absorption, though I doubt whether 
they ever secrete. They consist of three kinds, which 



401 


Chap. XVII. STRUCTURE OF THE BLADDER. 

to a certain extent graduate into one anotlior. Those 
situated round the ant(;rior margin of the valve (upper 
margin in fig. 19) are very numerous gind erowded 
together ; they consist of an oblong head on a hmg 
piidiccl. The pedicel itself is formed of an elongateil 
coll, surmounted by a short one. The glands towanls 
the free ])osterior margin are miicli larger, few in 
numb(?r, and almost spln^rical, having short footstalks ; 
the head is formed by th(5 confluomre of two cells, the 
lower one answering to the short u])per cell of the 
pedicel of the oblong glands. The glands of tlu? 
third kind hav(; transversely elongatc‘d heads, and are 
seated on very short footstiilks ; so that tlujy stand 
parallel and close to the surtac(5 of the valv(} ; they 
may be called the two-armed glands. The cells form- 
ing all th(!se glands contain a nuchms, and are lined 
by a thill layer of more or less •granular protoplasm, 
the primordial utricle of J^rohl. They are tilled with 
fluid, which must hold much matter in soluticui, 
judging from the (piantity coagulated after they have 
been long immersed in alcohol or ether. I^he ilepres- 
sioii in which the valve lies is also lined with innu- 
merable glands; those at the sides having oblong 
heads and elongated pedicels, exactly like the glands 
on the adjoining parts of the valve. 

The collar (called the peristome by Cohn) is evi- 
dently formed, like the valve, by an inward projetition 
of the walls of the bladder. The cells composing the 
outer surface, or that facing the valve, have ratln.T 
thick walls, are of a brownish colour, minute, very 
numerous, and elongated ; the lower ones being divided 
into two by vertical partitions. The whole presents a 
complex and elegant appearance. The cells forming 
the inner surface are continuous with those over the 
whole inner surface of the bladder. The space be- 

2 D 
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bladder, as shown in the longitudinal section (fig. 20) 
of the collar and valve ; it is also shown at c, in Jig. 18. 
The edge of^thc valv(} can thus opcni only inwards. 
As both the valve and collar dip into the bladder, a 
hollow or depression is here formed, at the base of 
which lies the slit-like orifice. 

The valve is colourless, highly transparent, Ilexiblo 
and elastic*... It is coiiV(‘X in a transverse direction, 
but has been drawn (fig. 19) in a flattened state, by 
which its apparent bremlth is inerc^ased. It is forni(?d, 



longitudinal vertical section fhrougli the ventral inMion of a hludili'r; sliowinir valve 
and collar, r, '.jalv*'*, tin* whole pnjiiectiun above c forma the collar; h, bifid pro- 
cesses ; s, ventral surface of bladder. 

according to Cohn, of two layers of small cells, which 
are continuous with the two layers of larger cells 
forming the walls of the bladder, of which it is evi- 
dently a prolongation. Two pairs of transparent 
])()iutcd bristles, about as long as the valve itself, 
arise from near the free posterior margin (fig. 18), 
and point obliquely outwards in the direction of the 
antenme. There are also oii the surface of the valve 
numerous glands, as I will call thqpi ; for they have 
the power of absorption, though I doubt whether 
they ever secrete. They consist of three kinds, which 
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to a certain ext<5nt graduate into on(? another. Tliosc^ 
situated round the antc^rior margin of the valve (upper 
margin in fig. 19) aro very numerous ijind (irowded 
together ; thcjy consist of an oblong liead on a long 
pedicel. The pedicel itself is formed of an elongat(Ml 
<;ell, surmounted by a short one. The glands towards 
the free posterior margin are mueJi larger, f(?w in 
number, and almost sjdierical, having short footstalks ; 
the head is formed by the cjonfliionee of two cells, the 
lower one answering to the short upper cell of the 
pedicel of the oblong glands. Tlie glands of thc‘ 
third kind have transversely cdongated heads, and are 
seated on very short footshilks ; so that they stand 
parallel and <dose to the surface of th(» valve; they 
may bo calhid the two-armed glands. The cells form- 
ing all those glands coubiin a nucleus, and are lined 
by a thin layer of more or less •granular ])rotoplasui, 
tlie primordial utricle of Mold. They aro filh?d with 
fluid, which must hold much matter in solution, 
judging from the (piantity coagulated after they luiv(‘ 
been long immersed in alcohol or ether. Hie dej ses- 
sion ill w'hich the valve lies is also lined with innu- 
merable glands; those at the sides havmg oblong 
heads and elongated pedicels, exactly like the glamls 
on the adjoining parts of the valve. 

The collar (called the peristome by Cohn) is evi- 
dently formed, like the valve, by an inward projection 
of the walls of the bladder. The cells composing the 
outer surface, or that facing the valve, have rath(?r 
thick walls, are of a brownish colour, minute, very 
numerous, and elongated ; the lower ones being divided 
into two by vertical partitions. The whole presents a 
complex and elegant appearance. The cells forming 
the inner surface are continuous with those over the 
whole inner surface of the bladder. The space be- 
• 2 D 
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tween the inner aiul outer surface consists of coarse 
(-•tjllular tissue (lig. 20). Thci inner side is tliickly 
covered with delicate bilid processes, hereafter to be 
<tescribed. The collar is thus made thick ; and it is 
rigid, so that it retains the siime outline whether the 
bladder contains little or much air and water. This 
is of great iinjwrhince, jis otlierwise the thin and 
flexible valve woul<l be liable to be distorted, and 
in this case would not act properly. 

Altogether the entrttnce into the bladder, formed by 
tlui transparent valve, with its four oblicpicly projc^ct- 
ing bristles, its numerous diversely shaped glands, 
surrounded by the collar, l>t^aring glands on the 
inside and bristles on the outsid(', together with tha 
bristles borne by the antennay, prescmts an extra- 
ordinarily comjilex appearance wlion viewed under 
the microscope. 

We will now e,onsider the internal structure of the 
l>ladder. The whole inner surfae.c, vith the exception 
of the valve, is seen under a modciratcdy high ])ower to 
be covered with a serried mass of prociesses (tig. 21). 
Each of these consists of four divergent arms ; whence 
their name of quadrifid processes. They arise from 
small angular ccylls, at the junctions of the angh^s of 
the largcu* cells which form the interior of the 
bladder. The middle part of the upper surface of these 
small (jells projc<5ts a little, and then contracts into a 
very short and narrow footstalk which bears the four 
arms (fig. 22). Of these, two are long, but often of not 
((uito equal length, and j>roject obliquely inwards and 
towards the posterior end of the bladder. The two 
others are much shorter, and project at a smaller angle, 
that is, are more nearly horizontal, and are directed 
towards the anterior end of the bladder. These arms 
are only moderately sharp ; they are composed of ex- 
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treiBoly thin transparent mcmbmne, so that they can 
bo bent or doubled in any direction without beinj*: 
broken. They are lined with a delicate layer of prot(»- 
plasm, as is likewise the short conical prej^jcclion from 
which they arise. Each arm generally (but not in- 
variably) contains a minute, faintly brown parti<fl(*, 
eitlnn* rounded or more commonly elongated, which 
exhibits incessant Urowniaii movements. These par- 



Fkj. 21. 

(^rirXcidaria vegfechi.) 

Sraull iMirtiiin nf iiiHidt; of blad- 
der. iiiiicli 4'iiliirKt^d, showing quiid- 
rifljl prorcsscs. 



One of tlio qimdriflil processes 
grciiily enlarged. 


ti(d(.‘s slowly change tluur positions, and travel from 
one end to the other of the arms, but jire commonly 
found near their bases. They are present in the (piad- 
rifids of young bladders, when only about a third (>f 
their full size. They do not resemble ordinary nuclei, 
but I believe that they arg nuclei in a modifi(Kl con- 
dition, for when absent, I could occasionally just dis- 
tinguish in their places a delicate lialo of matter, 
including a darker spot. Moreover, the quadrifids of 
Utricularia montana contain rather larger and much 
. 2 D 2 
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more regularly spherical, hut otherwise similar, par- 
ticles, which closely resembhi the nuclei in tlio cells 
forming the walls of the bladders. In the present 
c,ase there were sonu^timos two, throe, or even more, 
nearly similar partichis within a single ann; but, as 
wo shall hereafter see, the presence of more than 
one seemed always to bo connected with the absorption 
of decayed matter. 

The inner side of the collar (see the previous fig. 20) 
is covered with several crowded rows of pro(?essos, dif- 
ftraig in no important respect from the qiiadrifids, 
exccipt in bearing only tw'o arms instead of four ; they 
are, however, rather narrow'or and more diJicate. T shall 
call them the bitids. They proji'ct into the bladder, 
and are directed towards its posterior ('iid. TMie quad- 
rifid and bifid processes no doubt are homologous 
with the papilla} on the outside of the bladder and 
of the leaves ; and we shall see that they are do- 
ve doped from closely similar papilhe. 

The Uses of tlie several Parts , — After the above long 
but necessary dc'seription of the parts, wo will turn to 
their uses. The l)lad<lers have been supi)ose(l by some 
authors to serve as floats; but braiudies which boro 
no bladders, and others from which they had been 
removed, floated perfectly, owing to the air in the 
intercellular spaces. Bladders containing dead and 
captured animals usually include bubbles of air, but 
these cannot have been generated solely by the pro- 
cess of decay, as T have often seen air in young, clean, 
and empty bladders ; and some old bladders with much 
decaying matter had no bubbles. 

I The real use of the bladders is to capture small 
j i aquatic animals, and this they do on a largo scale. In 
^ the first lot of plants, which I received from the New 
Forest early in July, a large proportion of the fully 
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grown bla(l(l(3rs contained jm^y ; in a second lot, re- 
ceived in the heginiiing of August, most of the 
bladders werci empty, but plants had bgen sehxded 
whicli liad grown in unusually pure water. In th(‘ 
first lot, my son examined seventetni bladders, in- 
cluding prey of some kind, and eight of these con- 
tained entomostracau crustaceans, three larvtu of in- 
sects, one being still alive, and six remnants of 
animals so inu(!h decay(‘d that their nature could not 
b(i distinguished. 1 picked oirt five bladders which 
stjomed very full, and found in tlnmi four, five, eight, 
and ten crustaccjaiis, and in the fifth a single min^h 
elongated larva. Jn fivii other bladders, selectcjd from 
(iontaiiiing nunains, but not appearing very full, th(‘re 
were one, two, four, two, and five crustaceans. A plant 
of Utricularia vulgaris^ whicth had be(in ke])t in almost 
pure water, was plaec^d by Cohn oi^) (jvening into ivatej* 
.swarming with crustaccunis, and by the next morning* 
most of the bladders (Muitained these animals entrapped 
and swimming rouml and round their prisons.. They 
remained alive for scivcral days ; but at last porish(sl; 
asphyxiated, as I suppose, by the oxygen in the wat(,T 
having been all consumed. Freshwater worms were 
also found by Cohn in some bladders. In all cases ' 
the bladders with decayed rcunains swarmed with 
living Algm of many kinds. Infusoria, and other low 
organisms, which evidently lived as intruders. 

Animals enter th(i bladders by bending inwards the 
jiosterior free edges of the valve, which from being 
highly elastic shuts again instantly. As the edge is 
extremely thin, and fits closely against the edge of tluj 
collar, both projecting int?) the bladder (see section, 
fig. 20), it would evidently be very difficult for any 
animal to get out when once imprisoned, and ap])arently 
they never do escape. To show how closely the edge * 
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lits, I may mention that my son found a Daplinia 
which liad inserted one of its aiitenna3 into the slit, 
and it was ihus hold fast during a whole day. On 
throe or four occasions T have s(‘en long narrow larvflo, 
both dt'ad and alive, w(‘dgcd hetweeii the corn(‘r of 
tlie valve and collar, with lialf their bodies witliiu the 
bladder and half out. 

As I felt much difficulty in understanding how such 
jninuto and weak animals, as are ofbn captured, 
could force their way into the bhuhh^rs, 1 tried many 
^experiments to ascertain liow this was effected. T\w 
free margin of the valve bends so easily that no 
r(‘sistauce is felt when a ne(3dlo or thin l)rist](3 is 
ins('rt(id. A thin human hair, fixed to a handle, 
and cut off so as to juojoct barely | of an inch, 
entered with some difficulty ; a longer pieces yielded 
instead of entering. * On three occasions minute par- 
ticles of blue glass (so as to bo easily distinguished) 
were placed on valves whilst under water; and on 
trying gently to move th(;m with a needier, they disap- 
pcMirc^d so suddenly that, not scjeing what had happened, 
I thought that 1 had flirted them off; but on (ex- 
amining the bladders, they were found saftdy en(?losed. 
"riic same thing occurred to my son, who p]a(;ed little 
cubes of green box-wood (about of an inch, *423 
mm.) on some valves ; and thri(;e in tlu! act of jdacing 
them on, or whilst gently moving them to another 
spot, the valve suddenly opened and they were en- 
gulfed. He then placed similar bits of wood on other 
valves, and moved them about for some time, but they 
did not enter. Again, particles of blue glass were 
jdaced by me on three valVes, and extremely minute 
shavings of lead on two other valves ; after 1 or 2 hrs. 
none had entered, but in from 2 to 5 hrs. all five 
were) enclosed. One of tho particles of glass was a 
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long splinter, of wliicli one end rested ob]i([Uoly on 
tlie valve, and after a few lioiirs it was fonnd fixed, half 
within tlni bhubler and half projeeting ^nit, with the 
edge of tlie valve fitting closely all round, except at 
one angle, whore a small open spa(;e was left. It was 
so firmly iixed, like the above mentioned larvie, that 
the bJadd(jr was torn from the branch and shaken, and 
yet the sjlinter did not fall out. My son also jdaec'd 
little (Uibes (about of an indi, *391 inni.) of green 
box-wood, wlu(.*h wercj just heavy enough to sink in 
water, on three valves. These wbrci examined aft(u* 
19 hrs. 30 in., ami were still lying on the valves ; but 
after 22 hrs. 30 ni. one was found (uiclosed. I may 
here mention that 1 found in a bladder on a naturally 
growing plant a grain of sand, and in another bladder 
three grains ; these must have fall(‘n by some acjcidcmt 
on the valves, and then enteri^l like the partichjs 
of glass. 

The, slow bonding of the valve from the weight of 
particles of glass and even of box-wood, though largely 
sui)|)orted by the water, is, I suppose, analogous to th (3 
slow IxMiding of colloid substanc(3s. For instance, 
particles of glass wercs jdaced on various* points of 
narrow strips of moistened gelatine, and these yielded 
and be(3ame bent with extreme slowness. It is much 
more diffi(uilt to understand how gently moving a 
particle from one part of a valve to another causes it 
smhhmly to open. To ascertain Avhether the valves 
were endow^ed with irritability, the surfaces of sev(»ral 
w^ere scratched with a needle or brushed with a fine 
camel-hair brush, so as to imitate the crawding move- 
ment of small crustaceans, but the ‘valve did not 
open. Some bladders, before being brushed, wore left 
for a time in water at temperatures between 80° and 
130° F. (20°*6 — 54°*4 Cent.), as, judging from a wide- 
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spread analopry, this would liavc rendered tlwjni more 
siuisitive to irritation, or would hy itself liave excited 
niovenu'ut ; J)ut no effect was produced. Wo may, 
therefore, eoncludci that animals (uiter merely hy 
forcinj 5 their way through tlu‘ slit-like orifice ; their 
heads s(»rviiig as a wedge. lJut 1 am suri>risod that 
su(4» small and weak c.*reatures as are often captured 
(for instance, tlu^ nauplins of a crustacM'aii, and a tardi- 
gra(h») should he strong enough to act in this inaninT, 
seeing that it was <lilKcult to push in one end of a 
hit of a hair ^ of an inch in hmgth. Nevertheh'ss, 
it is <*ertaiii that w(?ak and small creatun's do enter, 
and Sirs. Treat, of New Jersey, has been more suc- 
cessful than any other ohserv(*r, and has often wit- 
nessi'd in the eas(^ of Utrieularia clandestina tin; 
whole proc()ss.* She saw a tardigrade slowly walk- 
ing round a bladd('iii, as if rtjconiioitring ; at last it 
crawled into the (h^pression where the valve lies, and 
then easily entered. Khe also witnessed tin* entrap- 
ment of various minute crustaceans. Cypris “wjis 
“ ([uite wary, but nevertheless was often caught. 
“ Coming to the entrance of a bladder, it would some- 
“ times pause a moment, and then dash away ; at 
“ other tinu's it would eonuj close uj), and ev<ai ven- 
“ tun? part of tin? way into the entrance and hack out 
“ as if afraid. Anoth(?r, more heedless, would open 
“ the door and walk in ; hut it was no sooner in than 
“ it manifested alarm, drew in its ft?ot and antennae, 
and closed its shell.” liarva?, apparently of gnats, 
when ‘^feeding near the eutran(?o, are pretty certain 
“ to run their heads into the net, whence th(?re is no 
“ retreat. A large larva is* sontetimes tliree or four 
“ hours in being swallowed, tlie process bringing to 


‘ New York Tribune,’ reprinted in the * Card. Chron.’ 1875, p. 303. 
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“ luind what I have witnessed . wlien a small siiabi? 
“ makes a hirge frog its victim.” lint as the valve 
d()('s not a])i)ear to be in the least ^irritable, the 
slow swallowing process must be the eftbet of the 
onward movement of the larva. 

It is dillicnlt to conjeotnro what can attract so many' 
creatures, animal- and vegebible-feeding (rriistuceaiis, 
worms, tardigrades, and various larvm, to enter the 
bla<lders. Sirs. Treat says that the larvie just 
referred to are v('gotablc-feed<irs, and seem to have a 
special liking for the long bristles 'round the valve, but 
this taste will not ai.'count for the (‘ut ranee of animal- 
f(i(‘ding crustac(^ans. Perhaps small aquatic animals 
liabitnally try to enter every small crevice, like that 
Iw^tween tlu^ valve and collar, in search of foo<l or pro- 
tection. It is not ])robabic that tlie remarkable traiis- 
l)areney of tlui valve is an accidental circumstance, 
and tlu^ spot of light thus fornuMl may serve as a 
guide. The long bristles . round the entrance ap- 
parently servo for tlu^ same purpose. I believe that 
this is the cast', b(*causo the bladders of some epi- 
phytic and marsh sp(‘cies of Utricularia which liv(^ 
embedded eitlier in (‘iitanglcd vegetation br in mud, 
have no bristles round the entrance, and those under 
such conditions would be of no service as a guide. 
Neverthol(?ss, with these epiphytic, and marsh species, 
two pairs of bristles project from the surface of the 
valve, as in the aquatic spi'cies ; and their use pro- 
bably is to prevent too large animals from trying to 
force ail entrance into the bladder, thus rupturing the 
orifice. 

As under favourable circumstances most of the blad- 
ders succ(icd in securing prey, in one case as many as 
ten crustaceans ; — as the valve is so well fitted to 
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allow animals to t‘utor ami to pn^vont tli(‘ir c'scajM^;— 
and as tho insido of tlio IdaddiT prcsrnts so sin^nilar 
a structiiro, clothtMl with inmnncnihlo tuiadrilid and 
bilid prooi'ssos, it is impossible* to donl)t that tho plant 
has lMH‘n s]U‘i*ially adaptt‘il for sociirinjr proy. From 
the analoju^y of lMn<rni<*nli^ behai^in*: to the same* 
familv, 1 naturally e\pei*t(‘d that tlie bb-ulders would 
have dij^ested their jney ; bnt this is not the enise, and 
then? are no ^dands titled ft»r se*eri‘tin^ the proper 
fluid. Xevertheless, in. order to te*st their pow<*r of 
digestion, minute' Moments of roast ]m*at, three small 
cubes of albumen, ami thn*e of cartilage', were pushed 
through th(^ oritice into the blaelders of vigorous 
plants. They weni left from one <lay to three elays 
ami a half within, aiml tho bladders were tln'ii cut 
open; but none of the above substances exhibitiMl the 
least signs of digesth ay ir dissolution; tlu' angles of the 
cubes being as sharp as ever. These observations were 
made siibsecpiently to those on ])rosera,I)iona.'a, Droso- 
pbylluin, and ringuieula; so that I was familiar with 
tho appearance of thcfscj substance's when under- 
■ going tho early and final stages of digestion. W(i may 
therefore cftnclmh? that Utricmiaria cannot digest the 
animals whicJi it habitually captures. 

In most of tho bladders tin? captured animals are so 
much d(*cayed that tlujy form a pale brown, pulpy 
jmass, with their chitinous coats so tcaider that th(^y 
;fall to j)ieces witli the greatest ease. TJio black 
pigment of the eye-sj)ots is preserv('d bettcjr than any- 
thing else. Limbs, jaws, &c. arcj oftcui fouml cpiite 
detaclied ; and this 1 sup])(jse is tho result of tho vain 
struggles of t ]|0 later captured animals. I have 
soinetimes felt siir]>riscd at the small proportion of 
imiu’isoned animals in a fresh state com]»ared with 
those utterly decayed. Mrs. Treat states with respextt 



CuAi*. XVII. ABSOItPTION BY THE QUADRIFIDS. 411 

to the larva) above referred to, that “ usually in less j 
“ tluin two (lays after a large one was captured the fluid | 
“ contents of the bladders began to assyime a cloudy 
“ or muddy ai)pearanoe, and often became so dense 
“ that the outline of the animal was lost to view/^ 
This statement raises the suspicion that the bladders 
se(n’(‘fo some ferment hastening the jirocess of decay. 
Tlifn*e is no inheivnt improbability in this supposition, 
consi( lining that meat semked for ten minutes in water 
mingled with the milky juice of the papaw becomes 
quite tciidtn’ and soon passes, as*Krowne remarks in 
his ‘isatural History (»f Jamaica/ into a state of 
putridity. 

Whether or not the decay of the imprisoned animals 
is in any waiy hastened, it is certain that matter is 
absorbed from them by the qiiadrifid and bifid pro- 
cesses. Th(‘ extremely delicate nature of the mem- 
brane of wliicli these processes are formed, and the 
large surface which they expose, owing to their number 
crowded over the whole interior of the bladdter, are 
circumstances all favouring the process of absorption. 
Slany perfectly clean bladders which had never caught 
any prey were o[)ened, and nothing coiilcl bo distin- 
guished with a No. 8 object-glass of llartnack within 
the (hdicate, structureless prot(jphxsmic lining of the 
arms, (excepting in each a single yellowish particle or 
modified nucletts. Hometimes two or oven three such 
particles w('re pn-ssent ; but in this case traces of decay- 
ing matter could generally be detected. On the other 
hand, in bladders containing either one largo or several 
small decayed animals, the processes presented a widely 
different appearance. t>ix such blachh'rs were care- 
fully examined; one contain(‘d an elongated, coiled- 
up larva ; another a. single large entomostracan crusta- 
cean, and the others from two to five smaller ones, all 
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in a (lofsiyed statt>. In tlit'se six bladdt'rs, a lar^o 
niiinbor of tho qua<1ril]d |)ro(*(»ss(*s r(»iitaiiied trans[)a- 
nnit, often yidlowish, niori^ or b‘ss (‘onfliiont, s|»li(*rical 
or irregularly shaped, niass(\s of matter. Sointi of tin* 
proeesse.s, however, <*ontained only tiin* granular 
matter, the. partieles of whieh \vi*re so small that tlniy 
eonld not bo d(*liin‘d clearly with Xo. 8 of Ilartnaek. 
Tlio d('lieat() layc*r of proto])lasm lining their walls 
was in some eas(*s a little shrunk. On thn*o o<*easions 
the above small mass(‘s*of matter were observed and 
sket<*he<1 at short intervals of time; and they certainly 
(dianged tlieir ])ositions r(*latively to each other and 
to tho walls of tlu^ anus. Sejvirato mass(*s sometimes 
became confluent, and tlnui again divided. A singb* 
little mass wouhl send out a projection, which after a 
time separat(Ml its(?lf. H(*nee tliero oonld bo no doubt 
that th(.‘se ma.ss(?s eousisted of protoplasm. Bearing 
inmind that many clean bladders weni examined with 
equal care, and that tlnjso piH^sentcd no such appear- 
ance*, we may confidently lielujvo that tho ])rotoplasm 
in th(j above cases had been generated by the absori)- 
tion of nitrogenous matter from tho decaying animals. 
In two or thVeo otlier bladd(jrs, wliicrh at first aj>peared 
quite clean, on careful search a few j)rocosses were 
found, with their outsides cloggfnl with a little brown 
matter, showing that some minute animal had been 
captured and laid de(jayed, and the arms liero included 
a very fiiw more or less spherical and aggregated 
masses ; the processes in other jmrts of the bladders 
being empty and transpanjiit. On the other hand, it 
must be stated that in three bladders containing dead 
crustaceans, tho processes were likewise empty. This 
fact may be accounted for by the animals not having 
been suiliciently decayed, or by time enough not 
having been allowed for the generation of proto- 
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plasm, or by its subsequent absorption and transferonec 
to other parts of the plant. It will h(?reafter bo seen 
that in three or four other species of ¥tricularia the 
cjuadrifid processes in contact with decaying animals 
likewise contained aggregated masses of j)rotoplasni. 

On the Absorption of certain Fluids by the Quadrifid 
and Bifid Processes , — Tlujse expe^riments were tried to 
ascertain wlndher certain fluids, which seemed adapted 
for the purpose, would produce tlu^ same efiects on 
the processes as the absorption of decayed animal 
matter. Such experiments arc', however, troublesome ; 
for it is not siiflicient merely to place a branch in 
the fluid, as the valve "shuts so closely that the fluid 
apparc'utly docjs not enter soon, if at all. Even when 
bristles were pushtid into the orifices, thc'y wore in 
several case's wra])i)ed so closely round by the thin 
flc'xiblo edge of the valve tlnlt the fluid was appa- 
rently excluded ; so that the exi)eriments tried in tliis 
maniic'r arc doubtful and nOt worth giving. The best 
plan would have bc'c'ii to ])inicture the bladders, but 
I did not think of this till too late, excepting in a few 
c'ases. In, all such trials, however, it cannot be ascc'r- 
taiiied 2 )ositivoly that the bladder, though translucent, 
does not contain some minute animal in tlie last stage* 
of decay. Therefore? most of my experimonts were 
made by cutting bladders longitudinally into two ; the 
quadrifids were examined with No. 8 of Hartnack, 
tlien irrigated, whilst und(?r the covering gla?s, with 
a lew dro 2 )s of the fluid under trial, kc 2 )t in a damp 
chamber, and re-examined after stated intervals of 
time with the same 2 )ow€ 5 ^ as before. 

Four bladders were first tried as a control experiment, in 
the manner just described, in a solution of one 2 ^t of gum 
arabic to 218 of wafer, and two bladders in a solution of one 
port of sugar to 437 of water; and in neither case was any 
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chango perceptible in the qiiadrifids or bifids after 21 brs. 
Four bladders were then treated in the same manner with a 
solution of one i)art of nitrate of ammonia to 437 of water, and 
re-examined aftdr 21 hrs. In t^vo of these tlio quadrifiils now 
appeared full of very finely granular matter, and their ]^roto- 
plasmic lining or primordial utricle was a little shnink. Tn the 
third bladder, the fpiadrifids ineludal distinctly visibl(» granules, 
and the prinionlial utricle was a little shrunk after only 8 hrs. 
In the fourth bladder the primordial utricle in moat of the 
processes was here and there thickened into little, irrognlnr, 
yellowish specks; and from the gradations which could bo 
traced in this and other cases, these sjxicks appear to give rise 
to the larger free granules contained within some of the pro- 
cesses. Other bladders, which, as far as could be judg(jd, liad 
never caught any prey, were punctured and left in the same 
solution for 17 hrs. ; and their quadrifids now contained very 
fine granular matter. 

A bladder was bisected, examined, and irrigated with a 
solution of one part of carbonate of ammonia to 437 of water. 
After 8 hrs. 30 m. the quadrifids contained a good many grnniiles, 
and the primordial utricle- was somewhat shrunk; after 23 hrs. 
the quadrifids and bifids contained many spheres of hyaline 
matter, and in one arm twenty-four such spheres of modcuate 
size were counted. Two bisected bladders, which had ten 
previously left for 21 hrs. in the solution of gum (one part to 
218 of water) without being afibeted, were irrigated with the 
solution of carbonate of ammonia; and both had their quadrifids 
modified in nearly the same manner as just dcRcrilxjd,— one 
after only 9 hrs., and the other after 24 hrs. Two bladders 
which appeared never to have caught any prey were punctured 
and placed in the solution ; the quadrifids of one were examined 
after 17 hrs., and found slightly opaque ; the quadrifids of the 
other, examined after 45 hrs., had their primordial utrick^s more 
or loss shrunk with thickened yellowish specks, like those due 
to the action of nitrate of ammonia. Several uninjured bladders 
w^cre left in the same solution, os well as in a weaker solution 
of one part to 1750 of water, or 1 gr. to 4 oz. ; and aff ()r two 
days the quadrifids were more or less opaquo, with their con- 
tents finely granular ; but whether the solution had entered by 
the orifice, or had bcon absorlied from the outside, I know not. 

Two bisected bladders were irrigated with a solution of ono 
part of urea to 218 of water ; but when this solution was em- 
ployed, I forgot that it had been kept for some days in a warm 
room, and had therefore proljably generated ammonia ; anyhow 
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tlio quadrifids were affected after 21 lirs. aa if a solution of car- 
bonate of ammonia had l)een used ; for the primordial utricle 
was tliickened in specks, which seemed to graduate into separate 
granules. Three bisected bladders were also Irrigated ^vith a 
fresh solution of urea of the same strength; their quadrifids 
after 21 hrs. were much less affected than in the former case ; 
nevertheless, the primordial utricle in some of the arms was 
a little shrunk, and in others was divided into two almost 
symmetrical sacks. 

Three bisected bladders, after being examined, were irrigated 
with a putrid and very offensive infusion of raw meat. After 
23 hrs. the quadrifids and bifids in ail thi^ee specimens abounded 
with minute, hyaline, spherical masses; and some of their 
primordial utricles were a little shrunk. Three bisected blad- 
ders were also irrigated with a fresh infusion of raw meat ; and 
to my surprise the quadrifids in one of them appeared, after 
23 hrs., finely granular, with their primordial utricles somewhat 
shrunk and marked with thickened yellowish specks; so that 
they had l)een acted on in the same manner as by the putrid 
infusion or by the salts of ammonia. In the second bladder 
some of the quadrifids were similarly acted on, though to a 
very slight degree; whilst the third bladder was not at all 
affeebid. 

From tlieso experiments it is clear that the quad- 
rifid and bifid processes have tlio i)owor of absorbing 
carbonate and nitrate of ammonia, and matter of 

j 

some kind from a putrid infusion of meat. Salts of 
ammonia were selected for trial, as they are Icnown 
to be rapidly generated by the decay of animaV 
matter in the presence of air and water, and would 
therefore bo generated within the bladders contain- 
ing captured prey. The eifect produced on the pro- 
<H?sses by these salts and by a putrid infusion of raw 
meat diffcjrs from that produced by the decay of the 
naturally captured animals only in the aggregated 
masses of protoplasm being in the latter case of larger 
size; but it is probable that the fine granules and 
small hyaline spheres produced by the solutions would 
coalesce into larger masses, with time enough allowed. 
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Wc havo seen with Drosera that the first effect of a 
weak solution of earbouato of ammonia on the eoll- 
coiiteuts is the production of the finest granules, which 
afterwards aggregate into largcjr, more or less rounde'd, 
masses ; and that the granules in the layer of ])rotoi)lasiji 
which flows round the walls ultimately coalesce with 
these masses. Change's of this nature are, however, 
liir more rapid in IJrosera than in Utricularia. Since 
the bladders havo no power of digesting albumen, 
cartilage, or roast ineat, 1 was surprised that matter 
was absorbed, at least in one case, from a fresh infusion 
of raw meat. I was also surprised, from what wo shall 
presently see with res])ect to the glands round th(' 
orifice, thait a fresh solution of uri?a* produced only a 
iiK^derate effect on the quadrifids. 

As the quadrifids are developed from papiJlfii wliich 
at first closely resemble those on the outside of the 
bladders and on the surfaces of the leaves, I may here 
state that the two hemispherical cells with which these 
latter papilla3 are <?rowned, and which in their natural 
state are ])orfcctly transpireiit, likewise absorb car- 
bonate an^ nitrate of ammonia ; for, aftc'r an immersion 
of 23 hrs. in solutions of one part of both these salts 
to 437 of water, their primordial utricles wore a little 
shrunk and of a pale bro\vn tint, and sometimes finely 
granular. The same result followed from the imnu^rsion 
of a whole branch for nearly three days in a solution 
of one part of the carbonate to 1750 of water. The 
grains of chloroj)hyll, also, in the colls of the loaves 
on this branch became in many places aggregated 
into little green masses, which were often connected 
together by the finest threads. 

On the Aheorption of certain Fluids Inj the Glands on 
the Valve and Collar . — The glands round the orifices of 
•bladders which are still young, or which have been 
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long kept in moderately pure water, are colourless; 
and their primordial utricdes aro only slightly or 
hardly at all granular. But in the greater number of 
plants in a state of nature — ^and we must remember 
that they generally grow in very foul water — and 
with iJauts kept in an aquarium in foul water, most 
of the glands were of a pale brownish tint ; their prim- 
ordial utri(^l(‘s were more or less shrunk, sometimes 
ruptured, with their contents often coarsely granular 
or aggregated into little masses, ^fhat this state of 
the glands is du(i to their having absorbed matter from 
the surrounding watcn*, 1 cannot doubt; for, as we shall 
immediately s(?e, m.^arly the same results follow from 
their iminersiou for a fnv hours in various solutions. 
Nor is it probable} that this absor])tion is useless, 
seedng that it is almost universal with plants growing 
in a state of nature, (‘xcepting wdion the water is re- 
markably ])ur(?. 

The pediiads of the glauds.whieh are situated close 
to the slit-like orifice?, both those on the valve and on 
the collar, an? short; whereas the pedicels of the more 
distant glands are much elongated and project inwards. 
Tin? glands are thus W(}11 j)laeed so to be washed by 
any iluid coming out of the bladder through the 
orifice. The valve fits so closely, judging from the 
result of immersing uninjured bladders in various 
solutions, that it is doubtful whether any putrid fluid 
habitually passes outwards. But wo must remember 
that a bladder generally captures several animals ; and 
that each time a fresh animal enters, a puff* of foul 
water must pass out and bathe the glands. Storeover, 
I liave rcpeat(*dly found that, by gently pressing blad- 
ilers which contained air, minute bubbles wwe driven 
out through the orifice; and if a bladder is laid on 
blotting paper and gently pressed, water oozes out. 

. 2 E 
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In this latter c^aso, as soon tis the pressure is relaxed, air 
is drawn in, and the bladder recovers its proper form. 
If it is now placed under water and again gently 
pressed, minute bubbles issue from the orifice and 
nowhere else, sliowing that the walls of tlio bladder 
have not been ruptured. I mention this because Cohn 
(quotes a statement by Treviraiius, that air cannot bo 
forced out of a bladder without rupturing it. We may 
therefore 0 (^neiude that whenever air is secreted within 
a bladder alrc'ady full of water, some wat(ir will be 
slowly driv(Jii out through the orifice. Ibaico 1 can 
hardly doubt that the numerous glands crowded round 
the orifice are adapted to absorb matter from the 
putrid water, which will occasionally cscjape from 
bladders iiududiiig de<?ayod animals. 

In order to tost this conclusion, I experimented with various 
•solutions on the glands. x\s in tho case of the (luadrifals, salts 
of ammonia were tried, since these are generated by tho final 
decay of animal matter under water. Unfortunately the glands 
cannot 1x3 carefully examined whilst attached to tho bladders 
in their entire state. Their summits, therefore, including the 
valve, collar, and antenno), were sliced off, and the condition 
of the glands observed ; they were then irrigated, whilst l)cncatli 
a covering glass, with tho solutions, and after a time rc-cx- 
aminod, with the same power as before, namely No. 8 of Ilart- 
nack. The following experiments were thus made. 

As a control experiment solutions of one part of white sugar 
and of one part of gum to 218 of water were first used, to seo 
whether these produced any change in tho glands. It was 
also necessary to observe whether the glands weto affected by 
tho summits of the blarldei’s having been cut off. The summits 
of four were thus tried ; one being examined after 2 hrs. 30 m., 
and tho other three after 23 hrs. ; but tliere was no marked 
change in the glands of any of them. 

Two summits l)earing quite colourless glands were irrigated 
with a solution of carbonate of ammonia of the same strength 
(viz. one part to 218 of water), and in 5 m. the primordial 
utricles of most of tho glands wore somewhat contracted ; they 
were also thickened in specks or patches, and had assumed a pale 
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brown tint. When looked at again after 1 hr. 30 m., most of 
them presented a somewhat different appearance. A third 
specimen was treated with a weaker solution of one part of the 
carlx)iiate to 437 of water, and after 1 hr. the ^ands were pale 
brown and contained numerous granules. 

Four summits were irrigated with a solution of one part of 
nitrate of ammonia to 437 of water. One Avas examined after 
15 ra., and tlie glands seemed affected ; after 1 hr. 10 m. there 
Avas a greater change, and the primordial utricles in most of 
them Averc somewhat shrunk, and included many granules. 
In the second specimen, the primordial utricles were consider- 
ably shrunk and brownish after 2i hrs. Similar effects were 
observed in the two other specimens, but these were not ex- 
amined until ^21 hrs. had elapsed. The nuclei of many of 
the glands apparently had increased in size. Five bladders 
on a branch, which liad been kept for a long time in mode- 
rately pure water, were cut off and examined, and their glands 
found very little modified. The remainder of this branch was 
placed in the solution of the nitrate, and after 21 hrs. tAvo blad- 
ders were examined, and all their glands were brownish, with 
their primordial utricles somewhat shrank and finely granular. 

The summit of another bladder, the glands of Avhich were in a 
beautifully clear condition, Avas irrigated with a few drops of 
a mixed solution of nitrate and *phosphato of ammonia, each 
of one part to 437 of Avator. After 2 hrs. some few of the 
glands were brownish. After 8 hrs. almost all the oblong glands 
were broAvn and much more opaque than they Av^ero before; 
their primordial utricles were somewhat shrunk and contained a 
little aggregated granular matter. The spherical glands Avere 
still white, but their utricles were broken up into three or 
four small hyaline spheres, with an irregularly contracted mass 
in the middle of the basal part. These smaller spheres changed 
their forms in the course of a few hours, and some Of them 
disappeared. By the next morning, after 23 hrs. 30 m., they 
hod all disappeared, and the glands Avero brown ; their utricles 
now formed a *glohalar shrunken moss in the middle. The 
utricles of the oblong glands had shrunk very little, but 
their contents were somewhat aggregated. Lastly, the summit 
of a bladder which had been .previously irrigated for 21 hrs. 
with a solution of one part of sugar to 218 of Avater without 
being affected, was treated with the above mixed solution ; and 
after 8 hrs. 30 m. all the glands became brown, with their 
primordial utricles slightly shrunk. 

Four summits were irrigated Avith a putrid infusion of row 
• 2 E 2 
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meat. No change in the glands was observable for some hours, 
but after 24 hrs. most of tliem had become brownisli, and more 
opaque and granular tlian they were before. In those spcci- 
mciLs, os in those irrigated witti the salts of ammonia, the 
nuclei seemed to have increased both in size and solidity, but 
they were not measured. Five summits were also irrigated 
with a fresh infusion of raw meat ; three of these were not at 
all alToctod in 24 hrs., but the glands of the other two liad 
])erhaps become more granular. One of the specimens which 
was not alFected was then irrigated with the mixed solution of 
the nitrate and phosphate of ammonia, and after only 25 m. 
the glands contained from four or five to a dozen granules. 
After six additional hours their primordial utricles were greatly 
shrunk. 

The summit of a bladder was examined, and all the glands 
found colourl(;ss, witli their ])rimordial utricles not at all 
shrunk ; yet many of the oblong glands contained granules just 
resolvable witli No. 8 of liartnack. It was then irrigated witli 
a few drops of a solution of one part of urea to 218 of w'atcr. 
After 2 hrs. 25 m. the sjiherical glands wore still colourless; 
whilst the oblong and t\vO“armcd ones were of a brownish tint, 
und their primordial utricles miich shrunk, some containing 
distinctly visible granules. After 9 hrs, some of tlio spbericid 
glands wera. brownish, and fhe ohlong glands were still more 
ehaiiged, but they contained fewer separate granules; their 
nuclei, on the otlicr hand, apiicarcd larger, as if they had 
ahsorlxjd the granuhjs. After 23 hrs. all the glands were 
hrowTi, then: primordial utricles greatly shrunk, and in many 
cases ruptured. 

A bladder was now exiicrimented on, which was already 
somewhat aifected by the surrounding water ; for the spherical 
glands, though colourless, had their primordial utricles slightly 
shrunk; and the ohlong glands were brownish, with their 
iitriqles much, but irregularly, shrunk. The summit was 
treated with the solution of urea, but was little affected by it in 
9 hrs.; nevertheless, after 23 hrs. the splierical glands w’cre 
brown, with their ntrieJes more slirunk; several of the other 
glands wore still browner, witli their utricles contracted 
irregular little mas.ses. , 

Two other summits, with their glands colourless and their 
utricles not shrunk, were treated with the same solution of 
urea. After 5 lirs. many of the glands presented a shade of 
brown, with their utricles sliglitly shrunk. After 20 hrs. 
40 III. some few of them w’ere quite brown, and contained 
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irregularly aggregated masses; others were still colourless, 
though their utricles wore shrunk; but the greater number 
were not much affected. This was a good instance of how 
unequally the glands on the same bladder •aro sometimes 
affected, as likewise often occurs with plants growing in foul 
water. Two other summits were treated with a solution which 
had been kept during sevei-al days in a warm room, and their 
glands were not at all affected when examined after 21 hrs. 

A weaker solution of one part of urea to 437 of water was next 
tried on six summits, all carefully examined before being iiTigat(?d. 
The first \ras re-examined after 8 hrs. 30 m., and the glands, 
including the sphericiil ones, were .brown ; many of the oblong 
glands having their primordial utricles much shrunk and in- 
cluding granules. The second summit, before being irrigated, 
had been somewhat affected by tlie surrounding water, for the 
spherical glands were not quite uniform in appearance ; and a 
few of the oblong ones were brown, with their utricles shrunk. 
Of the oblong glands, those wJiicli were before colourless, be- 
came brown in 3 hrs. 12 m. after irrigation, with their utricles 
slightly shrunk. The spherical glands did not Ixjcome brown, 
but their contents seemed chauged jn appearance, and after 
23 hrs. still more changed and granular. Most of the oblong 
glands were now dark browm, but their utricles were not 
greatly shrunk. The tour other specimens were examined after 
3 hrs. 30 m., after 4 lirs., and 9 hrs. ; a brief account of their 
condition will Ik 3 siifiicieut. The spherical glands were not 
bi’own, but some of them were finely granular. Many of the 
oblong glands were brown ; and tlicse, as \rell as others which 
still remained colourless, had their utricles more or less shrunk, 
some of them including small aggregated masses of matter. 

Summary of the Observations on Absorption , — From 
the facts now given there can be no doubt that the 
variously shaped glands on the valve and round the 
collar have the power of absorbing matter from weak 
solutions of certain salts of ammonia and urea, and 
from a 2)utrid infusion of raw meat. Prof. Cohn 
believes that tlu^y secrete slimy matter; but I was 
not able to perceive any trace of such action, ex- 
cepting that, after immersion in alcohol, extremely 
fine lines could sometimes be seen radiating from their 
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suvfac'es. The glands arc variously afTeetod by absorp- 
tion ; they often become of a brown colour ; sometimes 
they contain^ very fine grjinul(»s, or moderately sized 
grains, or irregularly aggregated little masses ; some- 
times the niKjlei appear to have increased in size ; tlie 
primordial utrieJes arc generally morci or l(,‘ss shrunk 
and sometimes ruptured. Exfietly the same (jhanges 
may be observed in the glands of plants growing 
ami flourishing in foul wnter. The s])hcrical glands 
are generally attV»ct(Ml‘ rather diflerently from the 
oldong and two-armed ones. Tlie former do not so 
commonly become brown, and are aided on more 
slow ly. We may th(3reforo infer that they differ some- 
w'hat in their natural functions. 

It is remarkable how^ unc(|ually the glands on the 
bladders on the same branch, and even the glands 
of the same kind on the same bladd(?r, are aftected by 
the foul water in which the plants have grown, and by 
the solutions which wdK5 employed. In the former 
case I presume that this is due either to little currents 
bringing matter to some glands and not to others, or 
to unknown diflTerences in their constitution. When 

%i 

the glands on the same bladder are differently affected 
by a solution, we may suspect that some of them 
had previously absorbed a small amount of matter 
from the water. How'cver this may be, we have 
seen that the glands on the same loaf of Drosera are 
sometimes very unequally affected, more especially 
w'hen exposed to certain vapours. 

If •glands which have already become brown, with 
their primordial utricles shrunk, arc irrigated with 
one of the effective solutions, they are not acted on, 
or only slightly and slowly. If, however, a gland 
contains merely a few coarse granules, this does not 
prevent a solution from acting. I have never seen 
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any appearance malAiig it probable that glands which 
have been strongly affected by absorbing matter of 
any kind are ca])able of recovering tiieir pristine, 
colourless, and liouiogeneous condition, and of regain- 
ing the power of absorbing. 

Prorn the nature of the solutions which were tried, 
I 2)rosiinie that nitrogen is absorbed by the glands; 
but the modified, brownish, more or less shrunk, and 
aggn^gated contents of the oblong glands were never 
sc(in by me or by my son to undergo those spon- 
taneous (jhanges of form characteristic of protoplasm. 
On the otlier hand, the contents of the larger 
splierical glands often separated into small Jiyaline 
globules or irregularly shajicd masses, which changed 
their forms very slowly and ultimately coalesced, 
forming a central shrunken mass. Whatever may be 
the nature of the contents of ^the several kinds of 
glands, after they have been acted on by foul water 
or by one of the nitrogenous solutions, it is jjrobable 
tliat the matter thus generated is of service to the 
plant, and is ultiiniately transferred to other jiarts. 

The glands apparently absorb more quickly than do 
the quadvifid and bilid processes; and on the view 
above maintained, namely that they absorb matter 
from putrid water occasionally emitted from the 
bladders, they ought to act more quickly than the 
processes; as these latter remain in permanent con- 
tact with captured and decaying animals. * 

Finally, the conclusion to which we arc led by . 
tho foregoing experiments and observations is* that 
the bladders have no power of digesting animal 
matter, though it appears that the quadrifids are i 
somewhat affected by a fresh infusion of raw meat. • 
It is certain that the processes within the bladders, 
and tho glands outside, absorb matter from salts of 
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ammonia, from a putrid infusion ({f raw moat, and from 
urea. The glands apparently are acted on more 
strongly by a solution of urea, and less strongly by 
an infusion o^ raw meat, than are the i^rocesses. T\\o 
case of urea is parti(mlarly interesting, h(jcaus(5 wt^ 
liavo seen that it produces no efiecit on Drosera, the 
leaves of which arc adapted to (ligest fresh animal 
matter, lint the most iiuj[M>rtant fae.t of all is, that 
in the pr(‘sent and following speedes the (piadrilid 
and bilid pro(;esses of* bladders containing decayed 
animals generivlly incdudo little masses of spontane- 
ously moving protoplasm; whilst such mass(js are 
’ iKiver scon in pei'lectly clean .bladders. 

Development of the Bladders, — j\ly son and T spent 
much time over this subject with small succ^ess. Our 
observations apply to the present species and to 
cularia vulgaris^ but ^yerc made cliicfly on tlie latt(T, as 
the bladders are twicjo as largo as those of Utricularia 
neglecta. In the early py^rt of autumn the stems ter- 
minate in large buds, which fall oft’ and lie .dormant 
during the winter at the lK)ttom. The young halves 
fonning these buds bear bladders in various stages of 
early development. WImju the bladders of Utricularia 
vulgaris are about -rJir (*204 mm.) in diameter 
(or in the case of Utricularia Tieglecta), they are 
circular in outlinfe, with a narrow, almost closed, trans- 
verse orifice, leading into a hollow filled with water ; 
but the bladders are hollow when much uiuhir of 
an inch in diameter. The orifices face inwards or 
towards the axis of the plant. At this early age the 
bladders are flattened in the plane in which the orifice 
lies, and therefore at riglit angles to that of the 
mature bladders. They are covered exteriorly with 
papillae of different sizes, many of- which have an 
elliptical outline. A bundle of vessels, formed of 
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simple elongated (Vlls, runs up thc^ short footstalk, 
and divides at the base of the bladder. One branch 
extends up the middle of the dorsal surface, and 
the other up the middle of the ventral surface. In 
full-grown bladders the ventral bundle divid(?s close 
beneath the (jollar, and the two branches run on each 
side to near whore the comers of the valve unite with 
the collar ; but thes(3 branches could not be seen in 
very young bladders. 

The ac(!ompanyiiig figure (fig. 23) show’s a section, 
which happened to be strictly medial, through the foot- 
stalk and between the nascent anteiint'c of a bladder 
of Uiricularia vuhjaris, hich 
in diameter. Tlie specimen w’as 
soft, and the young valve be- 
came separated from the collar 
to a greater degree than js 
natural, and is thus represented. 

We here clearly s(?e that, the 
valve and collar are infolded 
prolongations of the walls of the 
bladder. Even at this early 
age, glands could bo detected 
on the valve. The state of the 
quadrifid processes will presently 
be described. The anteunie at this 
period consist of minute cellular projections (not shown 
in the above figure, as they do not lie in the medial 
plane), which soon bear incipient bristles. In five 
instances the young antennai were not of quite equal 
length ; and this fact is intelligible if I am right in 
believing that they represent two divisions of the 
leaf, rising from the end of the bladder; for, with 
the true leaves, whilst very young, the divisions are 
never, as far as 1 have seen, strictly opposite; they 



Fig. 23. 
o 

{rtricularia vulgarig.) 
longitudinal aectiuii through 
a young bladder,^ (»f an inch 
in iungih, with the orifice too 
^'lely open. 
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must therefore be (loveloped one After the other, and 
so it would be with the two antennae. 

At a mncli t^arlier wlu'n tlui half formed 

bladders arci (July -jJ. o inch (•0816 min.) in diameter 
or a little more, tlu^y present a totally dilh^rent ai)- 
pearanee. One is represented on the left side of the 
aeeompanyin" drawing (fig. 24). The young leaves 



Fig. 24. 

(^Clricularia vulyaris.) 

Young leaf IVom a*virintcr bud, showing on iho left side a bladder in its earliest stage 
of development. 

at this age have broad flattened segments, with their 
future divisions represented by prominene(\s, one of 
which is shown on the right side. Now, in a large 
number of specimens examined by my son, the young 
bladders appeared as if formed by the oblit^ue folding 
over of the apex and of one margin with a prominence, 
against the opposite margin. The circular hollow 
between the infolded apex and infolded prominence 
apparently contracts into the narrow orifice, wherein 
the valve and collar will be develojied ; the bladder 
itself being formed by the confluence of the ojiposed 
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margins of the rest Af the leaf. But strong ohjoctions 
may he urged against this view, for we must in this 
ease suppose that the valve and collar ^re developed 
asymmetrically from the sides of the apex and pro- 
minence. Moreover, the bundles of vascular tissue 
have to bo formed in lines (luite irrespective of the 
original fomi of the leaf. Until gradations can bo. 
shown to exist between this the earliest state and a 
young yet perfect bladder, the case must bo left 
doubtful. • 

As the quadrifid and bifid processes offer one of the 
greatest peculiariti(?s in the genus, I carefully observed 
their dev(.‘lopmont in Utvicularia negJ^ta. In bladders 
about of an inch in diametei^ the inner surface 
is studded with papilhe, rising from small cells at the 
junctions of the larger ones. These papillm consist of 
a delicate conical protuberance, which narrows into 
a very short footstalk, sunnounted by two minute 
colls. They thus occupy the same relative position, 
and closely resemble, except in being smaller and 
rather more prominent, the papilhe on the outside of 
the bladders, and on tlic surfaces of the leaves. The 
two terminal cells of the papilla) first become much 
elongated in a line parallel to the inner surface of the 
bladder. Next, each is divhled by a longitudinal 
partition. Soon the two half-cells thus fonned sepa- 
rate from one another ; and we now have four cells or 
an incipient quadrifid process. As there is not space 
for the two new colls to increase in breadth in their 
original plane, the one slides pirtly under the other. 
Their manner of growth now changes, and their outer 
sides, instead of their apices, continue to grow. The 
two lower cells, which have slid partly beneath the two 
upper ones, form the longer and more upright pair of 
processes ; whilst the two upper cells form the shorter 
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and more liorizontal pair; the forir top^ethcr forming 
a porf(.*et (piadrilid. A trace? of the primary division 
between the two colls on thosmnmits of the papilla? can 
still bo seen between the bases of the longer processes. 
The development of the (piadrifids is very liable to 
bo aiT(?sted. I have seen a bladder -A- of an inch 
in length including only primordial papilhc ; and 
another bladder, about half its full sizi*, with the 
qiiadriiids in an early stage of development. 

As far as I could make out, the biiid process('S are 
developed in the same manner as the (piadrilids, 
excepting that the two primary terminal cells m^ver 
become divided, -and only increase in length. The 
glands on the valve and collar appear at so early an 
ago that I could not trace their developiiumt ; 
we may reasonably siispcjct that they are devedoped 
from papilla} like thogo on the outside of the bladder, 
but with their terminal colls not divided into two. 
The two segments forming the pedicels of the glands 
probably answer to the coni(?al protuberauifo and short 
footstalk of the quadrifid and bitid processes. I am 
strengthened in the boli(4* that the glands are de- 
veloped freim papilhe like those on the outside of tlie 
bladders, from the fact that in JJtriculxiria amethystina 
the glands extend along the whole ventral surface 
of the bladder close to the footstalk. 

Utricularia vulgaris. 

Living plants from Yorkshire wore sent me by Dr. Hooker. 
This BjxicieB differs from the last in the stems and leaves being 
thicker or coarser; their divisions form a more acute angle 
with one another; the notches on the leaves bear three or 
four short bristles instead of one ; and the bladders are twice 
as large, or about | of an inch (5*08 mni.) in diameter. In 
all essential respects the bladders resemble those of Utricularia 
neglecta^ but the sides of the peristome arc perhaps a little more 
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prominent, and alway^ bear, as far as I have seen, seven or 
eii^lit. long multicellular bristles. There arc eleven long bristles 
on each antenna, the terminal pair being included. Five 
bladders, containing prey of some kind, werei examined. The 
first included five Cypris, a largo copepod and a Diaptomus; 
tlic second, four Cypris; the third, a single rather largo crus- 
tacean; the fourth, six crustaceans; and the fifth, ten. My 
son examined th(i (piadrifid jn’occsses in a bladder containing 
the remains of two crustaceans, and found some of them full of 
Bldierical or irregularly sliapcd masses of matter, which were 
observed to move* and to coalesce. These masses therefore con- 
sisted of protoplasm. ^ * 

• 

UTiuctrr,AiuA minor. 

This rare species was scjut me in a living^statc from Cheshire, 
through the kin<lneas of Mr. John Price. The leaves and 
bladders are much smaller than those of I'triatJuriu ncffhcta. 
The loaves bear fewer and shorter bristles, and the bladders are 
more globular. The aiitcniue, instead of projecting in front 
of the bladders, are curled under the^ valve, and arc armed with 
twelve or fonrt(5en extremely long 
multicellular bristles, generally 
aiTanged in pairs. These, with 
seven or eight long bristles on 
both sides of the peristome, form 
a sort of not over tlio valve, which 
would tend to prevent all ani- 
mals, excepting very small onos„ 
entering the bladder. The valve 
and collar have tlio same essential 
structure as in the two previous 
species; but the glands are not QuadnHil process; greatly Wiljirgod. 
quite so numerous; the oblong 

ones are rather more elongated, whilst the two-armed ones are 
rather less elongated. The four bristles which proj(;ct obliquely 
from the lower edge of the valve arc sliort. ■ Tlicir shortness, 
compared with those on the valves of the foregoing sjjpcies, is 
intelligible if iny view is correct that they serve to prevent 
too large animals forcing an entrance through tho valve, thus 
injuring it; for the valve is already protected to a certain 
extent by the incurved antennro, togetlier with tho lateral 
bristles. The bifid processes are like those in the previous 
sijccdcs; but tho quadrifids dilfer in the four arms (fig. 25) 
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l)eing directed to the same side; the cwo longer ones being 
central, and the two shorter ones on tho outside. 

The plants wero collected in tho middle of July; and tho 
contents of five Wadders, which from their opacity seemed full 
of prey, were examined. Tho first contained no less than 
twenty-four minute fresh-water crustaceans, most of them con- 
sisting of empty shells, or including only a few drops of led oily 
matter; the second contained twenty; tho tliinl, fifteen; tho 
fourth, ten, some of tlicm being rather laiger thmi usual ; and 
the fifth, which seemed stuffed quite full, contained only seven, 
but five of these were of unusually largo size. Tho prey, 
therefore, judging from these five bladders, consists exclusively 
of fresh- water crnstoccacs, roost of which appeared to l)c distinct 
species from tliosc found in the bliulders of tho two former 
species. In one bladder tho quadrifids in contact with a decay- 
ing mass amtaiued numerous spheres of granular matter, 
which slowly changed their forms and positions. 

UtRICULARIA CLANDESTINA. 

t 

This North American species, which is aquatic like tho tlircc 
foregoing ones, has been described by Mrs. Treat, of Now Jersey, 
whose excellent observations have already been largely quoted. 
I have not as yet seen any full description by her of the structure 
of tho bladder, but it appears to be lined mth quadrifid 
processes. A vast numlier of captured animals were found 
witliin tho bladders; some being cnistoccans, but the greater 
number delicate, elongated lorvm, I suppose of Culicidm. On 
some stems, “fully nine out of every ten bladders contained 
these larvffi or their remains.” Tho larvm " showed signs of life 
from twenty-four to thirty-six hours after being imprisoned,” 
and then perished. , 
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CITAPTEU XVIII. 

Utuioularia (continued). 

Uiricularit montana — Description of tlio blRddcra on tho subter- 
rmieun rhizomofl — l*rey ciipturcd by the bladders of plants under 
culture and in a state of nature — Absorption by tho (piadrifid pro- 
cesses and ji^lunds — Tubers serf in" os reservoirs for water — 
Various other species of Utriciilaria — l^olypompholyx — Genlisea, 
difieront nature of tho trap for capturin" prey — Diversified 
methods by which plants are nourished. 

• • 

Utrioularia MONTANA. — ^This spo(;ies inluibits tho 
tropical parts of South America, and is said to be 
epiphytic; but, judging from the state of the roots 
(rhizomes) of some dried spe- • 
cimons from tho herbarium 
at Kew, it likewise lives in 
earth, probably in crevices 
of rocks. In English hot- 
houses it is grown in peaty 
soil. Lady l)orothy Nevill 
was so kind as to give me 
a fine plant, and I received 
iinother from Dr. Hooker. 

The leaves are entire, instesid 
of being much divided, as 
in the foregoing aquatic fig. 26. 

species. They are elongated, {utricuiariammtana.) 
about U inch in breadth, 
and furnished with a dis- 

tinct footstalk. The plant produces numerous colour- 
less rhizomes, as thin as threads, which bear minute 
bladders, and occasionally swell into tubers, as will 
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hereafter be described. These rhizomes appear ex- 
actly like roots, but occasionally throw up green 
shoots. They penetrate the earth somcitimes to the 
depth of more than 2 inches ; but when the plant 
grows as an epiphyte, thc'y must creep amidst the 
mosses, roots, decayed bark, &c., with which the trees 
of tliese (jountric's are thi(;kly covered, 
j As the bladders are attacdied to the rhizomes, tliey 
: are nec(‘ssarily subterranean, llioy are produced in 
^ extraordinary numbers. One of my plants, though 
' young, must have borne several hundreds ; for a single 
: branch out of an entangled mass had thirty-two, and 
another branch, about 2 inches in length (but with its 
end and one side bramdi broken off), had sevonty-thrcii* 
bladdcTs.* Th(i bladders are comprt'ssed and rounded, 
with the ventral surface, or that l)etweon the summit 
of the long delicate footstalk and valve, extrcmiely 
^hort (fig. 27). They are colourless and almost as 
transparent as glass, so that they appear smaller than 
they really are, the largest b(»ing under the of an 
inch (1*27 mm.) in its longer diameter. They are 
formed of rather large angular c(*lls, at the junctions 
of which oblong papilla) proje(;t, fjorresponding with 
those on the surfaces of the bladders of the previous 
sp(Mdes. Similar ^mpilla) abound on the rhizomes, and 
even on the entire leaves, but they are rather broader 
on the latter. Vessels, marked with parallel bars 
instead of by a spiral line, run up the footstalks, and 


• Prof^^Oliver has fi^rurod a 
]ilant of TJtricuhtria Jamt'Honimin 
(‘Proc. Linn. Sot*..’ vol. iv. j). 109) 
having fiitiro loaves and rlii/oiueH, 
like tliosc of our present species; 
liut tlie niarpdnH nf tlio tenniiial 
halves of some of tlu' leaves are 
ccni verted into bladders. 'I’hisfaet 


clearly indicates that the bladders 
on the rhizomes of the present and 
followiii j? Hiieeies are modified seg- 
ments of the leaf; and tliey are 
thus brought into accordance 'with 
the bladders attached to the di- 
vided and tloaiing loaves of the 
aquatic spi*cies. 
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just enter the bases t)f the bladders ; but they do not 
bifurcate and extend up the dorsal and ventral sur- 
faces, as in the previous species. ^ 

The antenno) are of moderate length, and taper to a 
fine point ; they diflTer conspicuously from those before 
described, in not being armed with bristles. Their 
bases are so abruptly curved that their tips generally 
rest one on ea(^h side of the middle of the bladder, but 



Fir.. 21 . 

(^rtricularia montana.) ^ 
Bladder; about 27 times enlnrRed. 


sometimes near the marpn. Their curved bases thus 
form a roof over the cavity in which the valve lies; 
but there is always left on each side a little circular 
passage into the cavity, as may be seen in the dftwing, 
as well as a narrow passage between the bases of the 
two antenna). As the bladders are subterranean, had 
it not been for the roof, the cavity in which the valve 
lies would have been liable to be blocked up with earth 
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and rubbish ; so that the ciirvatiire of the antenna? is 
a serviceable character. There arc no bristles on the 
outside of the collar or peristome, as in the foregoing 
species. 

The valve is small and steeply inclined, with its free 
posterior edge abutting against a semicmuilar, deeply 
■ floponding collar. It is moderately transparent, and 
bears two ])airSrof short stiff bristles, in the same 
position as in the other species. The presence of these 
four bristles, in contrast with the absence of those on 
the antemnae and dollar, indicates that they are of 
functional imjx)rtance, namely, as I believe, to iircvcnt 
toq^ large animals forcing an entrance through the 
valve. The many glands of diverse shapes attached 
to the valve and round the collar in the previous 
species are here absent, with the exception of about 
a df)zen of the two-axmed or transversely elongated 
kind, which are seated near the borders of the valve, 
and arc mounted on very short footstalks. These 
glands are only the of an inch (‘019 mm.) in 
length ; though so small, they act as absorbents. 
The collar is thick, stiff, and almost semi-circular ; it 
is formed of the same peculiar broumish tissue as in 
the former species. 

The bladders are filled with water, and sometimes 
; include bubbles ^f air. They bear internally rather 
short, thick, quadrifid processes arranged in approxi- 
mately concentric rows. The two pairs of aims of 
wliich they are formed differ only a little in length, 
and stand in a peculiar position (fig. 28); the two 
longol-ones forming one line, and the two shorter ones 
another parallel line. Each arm includes a small 
spherical mass of brownish matter, which, when 
crushed, breaks into angular pieces. I have no doubt 
that these spheres are nuclei, for closely similar ones 
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ure present in the 'cells forming the walls of the 
bladders. Bifid process(3S, having rather short oval 
arms, arise in the usual position on the pinner side of 
the collar. 

These bladders, therefore, resemble in all essential 
resi)ects the larger ones of the foregoing species. 
I'hey difler chiefly in *tho absencie of the numerous 
glands on the valve and round the collar, a few minute 
ones of one kind alone being present on the valve. 
4^hey differ more conspicuously in the absence of the 
long bristles on the antennae and on the outside of 
tlie collar. The presence of these bristles in the pre- 
viously mentioned species ^probably* relates to the 
capture of aquatic animals. 



Fig. 2R. 

(I'tricularia nKfitana.) 

One of tlio quadrifid processes ; iiiui'h enlaii^cd. 


It seemed to me an interesting question whether 
the minute bladders of Virkularia montana sdtvod, as in 
the previous species, to capture animals living in the 
earth, or in the dense vegetation covering the trees on 
which this species is epiphytic; for# in this case we 
should have a new sub-class of carnivorous plants, 
namely, subterranean feeders. Many bladders, there- 
fore, were examined, with the following results : — 

(1) A small bladder, less than an inch ('847 nim.)jp dia- 
meter, contained a minute mass brown, much decayed matter ; 
and in this, a tarsus with four or hve joints, terminating in a 
double hook, was clecurly distinguished under the microscope. 
I suspect that it was a remnant of one of the Thysanoura. The 
quadrifids in contact with this decayed remnant contained either 
small masses of translucent, yellowish matter, generally more 

2 p 2 
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or less globular, or line granules. In distant parts of the same 
bladder, the processes were transparent and quite empty, with 
the exception of their solid nuclei. My son made at short 
intervals of ti^ne sketches of one of the above aggregated 
masses, andVouiid tliat they continually and completely changed 
their forms; sometimes separating from one another and again 
coalescing. Evidently protoplasm liad been generated by the 
absorption of some clement from the decaying animal matter. 

(2) Another bladder included a still smaller speck of decayed 
brown matter, and tho adjoining quadriiids contained aggre- 
gated matter, exactly as in tho last case. 

(3) A third bladder included a larger organism, which was so 
much decayed that I cpuld only make out that it was spinosc or 
hairy. Tho quadrifids in tliis case were not much affected, 
excepting that tho nuclei in tho sovoral arms differed much in 
size; somo of them containing ^wo masses having a similar 
appearance. 

(4) A fourth bladder contained an articulato organism, for 
I distinctly saw tho remnant of a limb, terminating in a hook. 
The quadrifids were not examined. 

(5) A fifth included much decayed matter apparently of somo 
.aniuial, but with no recognisable features. Tho quadrifids in 
contact contained numerous spheres of protoplasm. ^ 

(6) Some few bladders on the plant which I received from 
Kew were examined; and in one, there was a worm-shaped 
animal very little decayed, witli a distinct remnant of a similar 
ono greatly decayed. Sovoral of the arms of the processes in 
contact with these remains contained two spherical masses, like 
the single solid nucleus wliich is properly found in each arm. 
In another bladder there was a minute grain of quartz, remind- 
ing me of two similar cases with Utricularia mglecta. 

As it appeared ^probable that this plant would capture a 
greater number of animals in its native country than under 
culture, I obtained permission to remove small portions of the 
rhizomes from dried specimens in tho herbarium at Kew. I did 
not at first find out that it was advisable to soak the rhizomes 
for two or three days, and that it was necessary to open tho 
bladders and spread out their contents on glass; as from their 
state of decay and from having been dried and pressed, their 
nature could not otherwise bo well distinguished. Several 
bladders on a plant which had grown in black earth in New 
Granada were first examined; and four of these included 
remnants of animals. The first contained a hairy Acarus, so 
much decayed that nothing was left except its transparent coat ; 
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also a yellow chitinous liead of some animal with an internal 
fork, to which the oesophagus was suspended, but 1 could see 
no mandibles; also the double hook of the tarsus of some 
animal; also an elongated greatly decayed anilfial; and lastly, 
a curious flask-shaped organism, having the walls formed of 
rounded cells. Professor Glaus has looked at this latter organism, 
and thinks that it is the shell of a rliizopod, probably one of the 
ArcellidsD. In this bladder, as well as in several others, tliere 
were some unicellular A1g{c, and one multicellular Alga, whicli 
no doubt had lived as intruders. * 

A second bladder contained an A earns much less dccaj^cd 
than the former one, with its eight •legs preserved ; as well as 
remnants of several other articulate animals. A third bladder 
contained the end of the abdomen with the two hinder limbs 
of an Acarus, as I believe. A fourth contained remnants of a 
distinctly articulated bristly afnimal, and of j^bvcral other organ- 
isms, as well as much dark brown organic matter, the nature 
of winch could not be made out. 

Some bladders from a plant, which had lived as an epiphyte 
in Trinidad, in the West Indies, were ^next examined, but not 
so carefully os the others; nor hac^ they been soaked long 
enough. ‘Four of them contained much brown, transluccnif, 
granular matter, apparently organic, but with no distinguish-* 
able ports. The quadrifids in t\Vb were brownish, with their 
contents granular ; and it wa^ evident that they had absorbed 
matter. In a fifth bladder there was a flask-shaped organism, 
like that alx)ve mentioned. A sixth contained a very long, 
much decayed, 'worm-shaped animal. Lastly, a seventh bladder 
contained an organism, but of what uatui’o could not bo dis- 
tinguished. 

Only one experiment was tried on the qnadrifid pro- 
cesses and glands with reference to their power of 
absorption. A bladder was punctured and left for 
24 hrs. in a solution of one part of urea to 437 of 
water, and the quadrifid and bifid processes were found 
mucli affected. In some arms tliere was only a singles 
symmetrical globular mass, larger than the proper 
nucleus, and consisting of yellowish matter, generally 
translucent but sometimes granular; in others there 
were two masses of different sizes, one large and the 
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other small; and in others there were irregularly 
shaped globules ; so that it appeared as if the limpid 
oonbmts of tl\c proeesses, owing to the absoTi)tion of 
matter from the solution, had become aggregated 
sometimes round the inudeus, and sometimes into sej)a- 
rate masses ; and that these then tended to coalesce?. 
Tho i)riinordial utricle or 2>rotoplasm lining the 2>ro- 
(*esses uas also thickened hero and there into irregular 
and variously sliap(?d S2)ecks of yellowish translucent 
matter, as occurred m ftie (!ase of Utricuhria neglecta 
under similar treutmont. These specks ap2>arently did 
not change their forms. 

The iniiiut(? ftvo-arined ghinds on the valve were 
also affected by tlio solution ; for they now contained 
several, sometimes as many as six or eight, almost 
splierieal masses of transhujent matter, tinged with 
yellow, which slowly* changed their forms and posi- 
.fions. Such masses were never observed in these glands 
in their ordinary state. AVc may therefore infer that 
tli(7 servo for absorption. Whenever a little water is 
cx2)clled from a bladder containing animal remains 
(by the means formerly specified, more especially by 
the generation of bubbles of air), it will fill tlie cavity 
in Avbich the valve lies; and thus tlie glands will be 
able to utilise decayed matter which otherwise would 
hav<? been wasted. 

Finally, as numerous minute animals are captured 
j by tliis plant in its native country and when ciilti- 
^ vated, there can be no doubt that the bladders, though 
so small, are far from being in a rudimentory con- 
dition ; on the contrary, .they are highly efficient 
traps. Nor can there bo any doubt that matter is 
absorbed from the decayed prey by the qnadrifid and 
bifid processes, and that protoplasm is thus generated. 
What fempts animals of such diverse kinds to enter 
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the cavity beneath the bowed antennae, and then force 
tlieir way through the little slit-like orifice betwcjon 
tlie valve and collar into the bladders filled with 
water, 1 cannot conjecture. 

Tubers . — These organs, one of which is represented 
in a previous figure (fig. 26) of the natural size, 
dcjservo a few remarks. Tw^enty were found on the 
rhizomes of a single plant, but they eannot be strictly 
counted ; for, besides the twenty, there were all pos- 
sible gradations between a short length of a rhizome 
just perceptibly swollen and one *so much swolhni tliat 
it might be doubtfully called a tuber. When well 
developed, they are oml and symmetrical, more so 
tlnin a])])ears in the figure. The largest which I 
saw was 1 ineJi (25'4 mm.) in length and *45 inch 
(11’43 mm.) in breadth. They commonly lie near 
the surface, but some are buried at tlie depth of 
2 indies. The buried ones are dirty white, but those 
partly exposed to the light .become greenish from the 
development, of chlorophyll in their siiiierficial cells. 
They terminate in a rhizome, but this sometimes 
deejiys and drops ofl*. They do not contain any air, 
and they sink in water; their surfaces are covered 
with the usual papillae. The bundle of vessels which 
runs up each rhizome, as soon as it enters the tuber, 
separates into three distinct buntfl.es, which reunite 
at the opposite end. A rather thick slice of a tuber is 
almost as transparent as glass, and is seen to consist 
of largo angular cells, full of water and not containing 
starch or any other solid matter. Some slices w^ere 
left in alcohol for sevpral days, but only a few 
extremely minute granules of maUer were precipitated 
on the walls of the cells ; and these were much smaller 
and fewer than those precipitated on the cell-walls of 
the rhizomes and bladders. We may therefore con- 
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oludo that the tubers do not serte as reservoirs for 
food, but for water during the dry season to which the 
I plant is probably exposed. The many little bladders 
filled with water would aid towards the same end. 

To test the correctness of this view, a small plant, 
growing in light peaty earth in a pot (only 4,i by 4-^ 
inches outside measurt^) was copiously watered, and 
then kept without a drop of water in the hotliouse. 
Two of the upper tubers \vore beforehand uncovered 
and measured, and then loosely covered up again. Jn 
a fortnight’s time the earth in the pot appeared ex- 
tremely dry ; but not until the thirty-fifth day wercf 
the leaves in the least affected; they then became 
slightly reflexed, though still soft and green. This 
plant, which bore only ten tubers, would no doubt 
have resisted the drought for even a longer time, 
had 1 not previously# removed three of the tubers 
and cut off several long rhizomes. When, on tho 
thirty-fifth day, the earth, in the pot was turned out, 
it appeared as dry .as the dust on a road. All the 
tubers had their surfaces much wrinkled, instead of 
being smoojh and tense. They had all shrunk, but I 
cannot say accurately how much ; for as they were at 
first symmetrically oval, I measured only their length 
and thickness; but they contracted in a tninsverse 
line much more in one direction than in another, so as 
to become greatly flattened. One of the two tubers 
which liad been measured was now three-fourths of 
its original length, and two-thirds of its original thick- 
ness in the direction in which it had been measured, 
but in finothor direction only one-third of its former 
thickness. The other tuber was one-fourth shorter, one- 
eighth less thick in the direction in which it had been 
measured, and only half as thick in another direction. 

A slice was cut from one of these shrivelled tubers 
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and examined. The cells still contained much water 
and no air, but they were more rounded or less angular 
than before, and their walls not nearly so straight ; it 
was therefore clear that the cells had contracted. The 
tubers, as long as they remain alive, have a strong 
attraction for water ; the shrivelled one, from which a 
slice had been cut, was left in water for 22 hrs. 30 m., 
and its surface became as smooth and tense as it 
originally was. On the other hand, a shrivelled tuber, 
which by some accident had been separated from its 
rhizome, and which api)earod dead, did not swell in 
the least, though loft for several days in water. 

With many kinds of plants, tufeers, bulbs, &c. no 
doubt servo in part as reservoirs for water, but I 
know of no case, besides the present one, of such 
organs having been developed solely for this purpose. 
Prof. Oliver informs mo that two or three other species 
of Utricularia arc provided with these appendages; 
and the group containing^ them has in consequence 
received the name of orchidioides. All the other 
species of Utricularia, as well as of certain closcdy 
related genera, are either aquatic or marsh plants; 
therefore, on the principle of nearly allied plants 
generally having a similar constitution, a never failing 
supply of water would jirobably be of great importance 
to our present species. We cjan fhus understand the 
meaning of the development of its tubers, and of their 
number on the same plant, amounting in one instamte 
to at least twenty. 

> 

Utricularia nelumbi^olia, ametiiystina, grif- 

FITHII, G^RULEA, ORBIOULATA, MULTIOAULIS. 

As I wished to ascertain whether the bladders on 
the rhizomes of other species of Utricularia, and of the 
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species of certain closely allied gchera, had the same 
essential structure as those of Utricularia mmtana, and 
whether they captured prey, I asked Prof. Oliver to send 
me fragments from the herbarium at Kew. He kindly 
selected some of tho most distinct forms, having entire 
leaves, and believcjd to inhabit marshy ground or 
water. My son, Francis Danvin, exainin(?d them, and 
has given me the following observations; but it 
should be bonie in mind that it is extremely difficult 
to make out tho stni(;ture''of such minute and delicate 
objects after they have been dried and pressed.* 

Utricularia nelu7nhifolia (Organ ]\Ioiin tains, Brazil). — 
The habitat of this species is remarkable. According 
to its discoverer, Mr. Gardner,! it is aquatic, but “ is 
only to be found growing in the water which collects 
in the bottom of the leaves of a large Tillandsia, that 
inhabits abundantly an tarid rocky part of the moun- 
tain, at an elevation of about 5000 feet above the level 
of tho sea. Besides tho ordinary method by seed, it 
propagates itself by i^mners, which it throws out from 
the base of the flower-stem; this runner is always 
found directing itself towards the nearest Tillandsia, 
when it inserts its point into the water and gives 
origin to a new plant, which in its turn sends out 
anothox shoot. In this manner I have seen not less 
than six plants united.” The bladders resemble those 
of Utricularia montema in all essential respects, even to 
the presence of a few minute two-armed glands on the 
' valve. Within one bladder there was the remnant of 
th^ abdomen of some larva or crustacean of large size, 


* Prof. Oliver has given (* Proo. 
Linn. Soo.* vol. iv. p. 169) flgureH 
of tho bladdorH of two Month 
American specioH, namely, TJtri- 
cularia Jamesomana and peltata; 


but ho docB not appear to have 
paid jmrtioular attention to these 
organs. 

t ‘Travels in tho Interior of 
Brazil, 1836-11,’ p. 527. 
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having a brush (rf long sharp bristles at the apex. 
Other bladders included fragments of articulate ani- 
mals, and many of them contained broken pieces of a 
curious organism, the nature of which was not recog- 
nised by anyone to whom it wns shown. 

Utncularia amethijatina (Guiana). — This species has j 
small entire leaves, and is apparently a marsh plant ; j 
but it must grow in phiccs where cnistacoans exist, 
for thcr(5 w(?re two small species within one of thi^ 
bladders. The bladders arc? neiirly of the siimo shajx* 
as those of Vtricularia montana*ii\\OL arc covered outside 
with the usual papilhc ; but they differ remarkably in 
the antenna) being reduced to two^hort 2 )oints, unite* I 
by a membrane hollowed out in the middle. This 
membrane is covered with innumerable obhjiig glands 
su 2 ) 2 X)rtcd on long footstalks; most of which are 
arranged in two rows converging towards the valv*‘. 
Some, however, are seated on the margins of the 
brano ; and the short ventral surface of the bladder, • 
l;etwoen the 2 >etiole and valve, ig thickly covered witli 
glands. . Most of the heads htul fallen off, and the foot- 
stalks alone remained ; so that the ventrg,! surface and 
the orifice, when view^ed under a weak j)ower, appeared 
as if clothed with fine bristles. The valve is narrow, and 
bears a few almost sessile glands. The collar against 
wdii(;h the edge shuts is yellowish, and presents tin’s 
usual structure. From the' large number of glands i»n 
the ventral surface and round the orifice, it is 2 )robabl(^ 
that this species lives in very foul water, from whicli it 
absorbs matter, as well as from its ca 2 )tured and decay- 
ing prey. 

Ut'iHmlaria griffithii (Malay and Borneo). — The 
bladders are transparent and minute ; one which was 
measured being only -rS-gir of an inch (’711 mm.) 
in diameter. The antennse are of moderate length, and 



444 UTKICULARIA MIJLTICAULIS. Ohap. XVIII. 

project straight forward ; they are tlnitcd for a short 
space at their bases by a membrane ; and they bear a 
moderate number of bristles or hairs, not simple as 
heretofore, but surmounted by glands. The bladders 
also differ remarkably from those of the previous species* 
as within tliere are no quadrifid, only bifid, processes. 
In one bladder there was a minute aquatic larva; 
in another the reinains of some articulate animal; 
and in most of them grains of sand. 

TJtrieularia csBrulea (India). — The bladders re- 
I semble those of the last species, both iii the general 
* character of the antenna) and in the processes with- 
j in being exclusivel;f^ bifid.* They contained remnants 
of entomostracan crustaceans. 

Vtricularia orbiculata (India). — The orbicular hiavcs 
and the stems bearing the bladders apparently float in 
water. The bladders do not differ much from those of 
the "two last species. The antennae, which are united 
for a short distance at their .bases, bear on their outer 
surfaces and summits^ numerous, long, multicellular 
hairs, surmounted by glands. The processes within 
the bladders ,are quiidrifid, with the four diverging 
arms of equal length. The i)rey which they had 
captured consisted of entomostracan crustaceans. 

Utricularia muUicaidis (Sikkim, India, 7000 to 
11,000 feet). — The bladders, attached to rhizomes, 
are remarkable from the structure of the antennae. 
These arc broad, ilatteucd, and of large size; they 
bear on their margins midticellular hairs, surmounted 
by glands. Their bases are united into a single, 
rather iiafrow pedicel, and tbey thus appear like a 
great digitate expansion at one end of the bladder. 
Internally the quadrifid processes have divergent arms 
of equal length. The bladders contained remnants of 
articulate animals. 
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POLYPOMPHOLYX. 

This genus, which is confined to Wgstem Australia, 
is characterised by having if quadripartite calyx.” In 
other respects, as Prof. Oliver remarks,* “it is quite a 
Utricularia.” 

Pohjpompholyx muUiJida . — The bladders are attached 
in whorls round the summits of stiff stalks. The two- 
auteiiiuii are represented by^ a minute membranous 
fork, tlic basal part of which forjns a sort of hood over 
the orifice. This hood expands into two. wings on each 
side of the bladder. A third wing or crest appears to 
be formed by the extension of the dorsal surface of the 
jictiole ; but the structure of these three wings could not 
be clearly made out, owing to the state of the speci- 
mens. The inner surface of the hood is lined with- 
long simple hairs, containing* aggregated matter, like 
that within the quadrifid processes of tho previously 
described species when in* contact with decayed ani- 
mals. These hairs appear therefore to serve as absor- 
bents. A valve was seen, but its structure could not 
be determined. On the (sollar round thie valve there ’ 
are in the place of glands numerous one-celled papillaj, 
having very short footstalks. The quadrifid processes i 
have divergent arms of equal ]^ngth. Bemains of 
entomostracan crustaceans were found within the 
bladders. 

Polypompholyx teneUa , — The bladders are smaller 
than those of the last species, but have the same 
general structure. They were full of debris, ^parently 
organic, but no remain? of articulate animals could 
be distinguished. 


* ‘ Proc. Linn. Soc.’ vol. iv. p. 171. 



446 


GENLISEA ORNATA. 


Chap. XVIII. 


(tENLISEA. 

This remarkable genus |s te(3ini(!ally distinguished 
from Utricularia, as I hear from Prof. Oliver, by 
having a five-])artite calyx. Species are found in 
several parts of tJie world, and are said to bo ‘"herbfc 
anniux* paludosa).”, 

Genlisea ornata (Prazil). — This species has been 
<i(»scribed and figured by Dr. Warming,* who states 
that it bears two khids of leaves, called by him 
spathulate and utriculiferous. The latter include 
cavities ; and as these differ much from the bladders of 
tlie foregoing species, it will be convenient to speak of 
them as utricles. The accompanying figmo (fig. 29) 

. of one of the utriculiferous leaves, about thrice en- 
larged, will illustrate t^ie following description by my 
son, which agrees in all essential points with that 
' given by Dr. Warming. The utricle (6) is formed 
by a slight enlargement of the narrow blade of the 
loaf. A hollow neck (w), no less than fifteen times 
as long as the utricle itself, forms a passage from the 
transverse slit-like orifice (a) into the cavity of the 
utricle. A utricle which measured -yV of an inch 
(•705 mm.) in its longer diameter had a neck ^ 
(10'583 mm.) in length, and -rJ-y of an inch (*254 mm.) 
in breadth. On each side of the orifice there is a long 
spiral arm or tube (a) ; the structure of which will bo 
best understood by the following illustration. Take a 
Harrow ribbon and wind it spirally round a thin 
cylinder, %o that the edges come into contact along its 
whole length ; then pinch up the two edges so as to 
form a little crest, which will of course wind spirally 


* “ Bidrag til Kiindtikabcn om Lcntibuluriaccfe/’ Copenhagen, 1874. 
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round the cylinder like a thread round a screw. If the 
cvlinder is now removed, wo shall have a tnhe like one 
of the spiral arms. The two projecting edges are not 
actually united, and a needle^ • 


can he pushed in easily be- 
tween them. They ar(3 in- 
deed in many places a little 
sc‘parated, forming narrow 
('iitranccs into the tube ; 
but this may bo the result • 
of the drying of the speci- 
mens. The lamina of whicjh 
the tube is formed soems 
to be a lateral prolongation 
of the lip of the orifice; 
and the spiral lino between 
the two juojecting edges is 
continuous with the comer 
of the orifice. If a fine 
bristle is pushed down one* 
of the amis, it passes into 
the top of the hollow nock. 
Whether the arms are open 
or closed at their extre- 



mities could not be dieter- 


mined, as all the specimens 
were broken; nor docs it 
appear that Dr. Warming 
ascertained this point. 

So much for the external 


^((/enlisra onmta.) 
Uirlculifuroun leaf; nilargcd almut 
three times. 

I U pper part of lamina of leaf. 
h Utricle or blaihlur. 
n Nr-ck of utricle. 
o Oriflee. 

a Spirally wound arms, with tlieir 
ends broken off. 


structure. Internally the • 

lower part of the utricle is covered with spherical 
papilla?, formed of four cells (sometimes eight accord- 
ing to Dr. Warming), which evidently answer to the 
quadrifid processes within the bladders of Utricularia. 
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These papillflB extend a little way up the dorsal and 
ventral surfaces of the utricle ; and a few, according to 
Wanning, may bo found in the upper part. This 
upper region **is covered by many transverse rows, one 
above the other, of short, closely approximate hairs, 
pointing downwards. These hairs have broad bases, 

and their tips are formed 



by a separate cell. They 
are absent in the lower part 
of the utricle where the pa- 
pilla) abound. The neck 
is likewise lined throughout 
* its whole length with trans- 
verse rows of long, thin, 
transparent hairs, having 
broad bulbous (fig. 30) bases, 
with similarly constructed 
sharp points. They arise 
from little projecting ridges, 
formed of rectangular epi- 
dermic cells. The hairs 
vary a little in length, 
but their points generally 
extend tiowix to the row 
next below; so that if the 
neck is split open and laid 
flat, the inner surface re- 


FlO| 30. 

(GetUitea omata.) 

Portion of Inside of neck loading 
into the utricle, greatly enlarged, show- 
ing the downward pointed bristles, 
and small ^uadrifid oclla or processes. 


sembles a paper of pins, — 
the hairs representing the 
pins, and the little transverse 
ridges representing the folds 


of paper through which the 


pins are thrust. These rows of hairs are indicated 
in the previous figure (29) by numerous transverse 
lines crossing the neck. The inside of the neck is 
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also studded with f apillao ; those in the lower part arc 
spherical and formed of four ccdls, as in the lower part 
of the utricie ; those in the upper pa^t are formed of 
two cells, whicli are much elongated downwards beneath 
their points of attachment. These two-colled papillm 
apparcmtly correspond with the bifid process in the 
ujjper part of the bladders of Utricularia. The narrow 
traijsv'erso orifice (o, fig. 29) is sittiated between th(j 
bases of the two spiral arms. No valvci could be 
detected here, nor was any such struciture seen by 
Dr. Warming. The lips of the orifice arc armed with 
many short, tliic.k, sharjily pointed, somewhat inciirvofl 
hairs or t(‘eth. • • 

The two projecting edges of the spirally wound 
lamina, forming the arms, are J^rovifled with short 
inciTTved hairs or teeth, exactly like those on the 
lips. These project inwards •at right angles *to the 
spiral line of junction between the two edges. The 
inner surface of the lamina supports two-cclled, elon- 
gated pa])ilhe, n^sembling tliose in the upper part of 
the neck, but diftering slightly from them, a(;cording 
to Wanning, in their footstalks being* formed by 
prolongations of large epidermic cells ; whereas the 
papillm within the neck rest on small cells snnk 
amidst the larger ones. These jjjnral arms fonn a 
conspicuous diftcronce l-?tw^oen the present genus 
and Utrimilaria. 

Lastly, there is a bundle of spiral vessels which, 
running up the? lower part of the linear leaf, divides 
close, beneath the utricle. One branch extends up the 
dorsal and the other up the ventral side of Iboth the 
utriclte and nock. Of these two branches, one enters 
one spiral arm, and the other branch the other arm. 

The utricles contained much debris or dirty matter, 
which seemed organic, though no distinct organisms ! 
• 2 a 
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could bo rocognisod. It is, indeed, scarcely jwssible 
that any object could enter the small orifice and jjass 
down the long , narrow neck, exccjpt a living creature. 
Within the nocks, however, of some specimens, a worm 
with retracted horny jaws, the abdomen of some 
articulate animal, and specks of dirt, juobably the 
remnants of other minute creatures, were found. 
Many of the papillae within both the utricles and 
necks were discoloured, as if they had absorl)ed matter. 

From this description it is sufficiently obvious how 
(jrenlisca secures its prey. Small animals entering 
the narrow orifice — but what induces them to enter is 
not known any molt3 than in thfe case of Utricularia — 
would find their egress rendered difficult by the sharp 
incurved hairs on thb lips, and as soon as they passed 
some way dowm the neck, it would be scarcely possible 
Ibr them to return, owijig t<rtho many transverse rows 
of long, straight, downward pointing hairs, together 
with tlic ridges from whu;!? these project. Such crea- 
tures would, therefore, perish either within the neck 
or utricle ; and the (piadrifid and bifid papillaj would 
absorb matter from their decayed remains. The 
transverse rows of hairs are so numerous that they 
seem superfluous merely for the sake of preventing 
the escai)e of prey and as they are thin and delicate, 
they juobably serve as ad^litional absorbents, in the 
same manner as the flexible bristles on the infolded 
margins of. the leaves of Aldrovauda. Tlio spiral arms 
no doubt act as accessory traps. Until fresh leaves 
are examined, it cannot bo told whether the l^e of 
junction of the spirally wound lamina is a little open 
along its whole course, or only in parts, but a ismall 
creature which forced its w^ay into the tube at any 
point, would be prevented from escaping by the 
incurved hairs, and would find an open path down 
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the tube into the neck, and so into the utricle. If the 
creature perished within the spiral arms, its decaying 
remains would be absorbed and utilised by the bifid 
papillsB. We thus see that animals are captured by / 
Genlisca, not by means of an clastic valve, as with | 
the foregoing species, but by a contrivance resembling 
an eel-trap, though more complex. 

Oenlisea africana (South Africa).-^Fragments of the 
utriculiferous leaves of this species exhibited the 
same structure as tliosc of Qenlisea <yimata. A nearly 
perfect Acarus was found within the utricle or neck 
of one leaf, but in wliich of the two was not recorded. 

Genlisea aurea (Braail). — A. fragment of the neck 
of a utricle was lined with transverse rows of hairs, 
and was furnished with elongated papillae, exactly 
like those within the neck of Genlisea m'nata. It is 
probable, therefore, that the whole utricle is similarly 
constructed. 

Genlisea filiformis (Bahia, Brazil). — Many leaves 
were examined and none were found provided with 
utricles, whereas such leaves were found without diffi- 
culty in the three previous species. Oji the other 
hand, the rhizomes bear bladders rc^scmbling in essen- 
tial character those on the rhizomes of Utricularia. 
These bladders are transparent, and very small, viz. 
only Yoii of inch (‘254 mm.^ in length. Tlie 
antdhnas are not united at their bases, and apparently 
bear some long hairs. On the outside of the bladders 
there are only a few papillm, and internally very few 
quadrifid processes. Those latter, however, are of un- 
usually large size, relatively to the bladder, *with the 
four divergent arms of equal length. No prey coitld* 
be seen within these minute bladders. As the rhizomes( 
* of this species were furnished with bladders, those of 
Genlisea africana, omata, and aurea were carefully 

. 2 G 2 
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examined, but none could be found. What are we to 
infer from those facts? Did the three spccic^s just 
named, like their close allies, the several species of 
Utricularia, aboriginally possess bladders on their 
rhizomes, which they afterwards lost, acquiring in 
their place utriculiferous leaves ? Tn support of this 
view it may be urged that the bladders of Genlisea 
fiUformis appear from their small size ami from the 
fewness of their quadrifid processes to be tending 
towards abortion ; but ‘ why has not this species 
acquired utriculiferous lcav('s, like its congeners ? 

Conclusion. — It has now iToen shown that many 
species of Utricularia and of two closely allied genera, 
inhabiting the most distant parts of the world — 
Europe, Africa, India, the Jlalay Archipelago, Austra- 
lia, North and South America— are admirably adapted 
foi capturing by two methods small acpiatic or terres- 
trial animals, and that they absorb the products of 
their decay. « 

Ordinary plants of the higher (dasses procniro the 
requisite inorganic elements from the soil by means 
of their roots, and absorb carbonic; acid from the 
atmosphere by means of their leaves and stems. 
But wo have seen in a previous part of this work 
that there is a ctass of plants which digest and 
afterwards absorb animal matter, namely, all* the 
Droscracojie, Pinguicula, and, as discovered by Dr. 
Hooker, Nepenthes, and to this class other species 
will almost certainly soon be added. Those plants 
can dissolve matter out of certain vegebiblo siib- 
stknees, such as pollen, seeds, and bits of leaves. No 
doubt their glands likewise absorb the salts of am- 
monia brought to them by the rain. It has also been 
shown that some other plants can absorb ammonia by 
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their glandular hairs; and these will profit by that 
brought to them by the rain. There is a second class 
of plants which, as wo have just seen, cannot digest, 
but absorb the products of the decay* of the animals 
which they caj)ture, namely, Utricularia and its close 
alli(\s; and from the excellent obscjrvations of Dr. 
]\Icllichamp and Dr. Canby, there can scarcely be a 
doubt that Sarracenia and Darlingtonia may be added 
to tliis class, though the fact can hardly be considered 
as y(it fully proved. Th(5re*is a third class of jdants 
whi(jh feed, as is now generiflly admitted, on the 
l)roducts of the decay of vegetable matter, such as 
the bird’s-nest orchis ^Neottia), Lastly, there is 
the well-known fourth class of parasite's (such as the 
mistletoe), which are nourished by the juices of 
living 2 )hints. Most, however, of the plants belonging 
to these four classes obtain part of their carbon, like 
ordinary species, from the atmosphere. Such are the 
diversifiecl means, as fiir as at present known, by which 
higher ^dants gain their subsistei^ce. 


INDEX. 




( 455 ) 


INDEX. 


ABSORPTION'. 


Absorption’ by Dionron, 205 

by DiMscra, 17 

by Drosopliyllum, 3.17 * 

-hy Vinjjiiiculii, 381 

by gliiTidiibir biiirs, 3 it 
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Bases of salts, prcponderaUtt action 
of, on Drosera, 18(i 
Bn>is, flbioiis, of bone, its digestion 
by Drosera, 108 < 

Belladonna, extract of, action on 
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